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FOREWORD 

During  the  past  5  years  the  Southeastern  Forest  Experiment  Sta- 
tion has  been  investigating  the  behavior  and  control  of  inferior  trees 
in  the  management  of  loblolly  pine.   The  ecological  problems  and  pos- 
sible methods  of  solution  were  discussed  in  Technical  Note  72,  released 
by  this  Station  in  April  19^9 >  "The  behavior  and  control  of  understory 
hardwoods  in  loblolly  pine  stands,"  by  L.  E.  Chaiken,   It  was  pointed 
out  in  that  publication  that  weed  trees  could  be  controlled  by  prescribed 
fire,  by  m.echanical  methods,  by  chemicals,  and  by  hand  tools.   But  it 
was  also  clearly  stated  that  not  a  single  one  of  these  could  be  con- 
sidered a  cure-all  by  the  forester  harassed  with  "brush." 

The  investigations  reported  in  Technical  Note  72  have  been  con- 
tinued, with  particular  emphasis  upon  the  use  of  chemicals.   Now,  on  the 
basis  of  records  of  more  than  10,000  treated  trees,  we  can  evaluate  the 
usefulness  of  chemical  control.   In  doing  so,  we  are  fully  aware  that  the 
final  word  has  not  been  written,  but  what  we  have  learned  during  zhe 
past  5  years,  and  what  we  think  it  means,  is  reported  here. 


CONTENTS 

Page 

The  chemica.ls .    .    . ,  .  3 

Concentration  and  dosage i^. 

Methods  of  application .  6 

Foliage  sprays  ....,.......,.,,  7 

Cut  surface  methods II+ 

Basal  sprays  ........................  22 

Time  of  year  for  poisoning  ,.,.........,  27 

Some  comparative  costs  of  poisoning  methods   .....  28 

Chemicals  a.nd  pine  management 29 

Summ.ary ,,..,..  30 

Literature  cited  ........  3^ 


-  1  - 


1^  y 

THE  USE  OF  CHEMICALS  TO  CONTROL  INFERIOR  TREES 
IN  THE  MANAGEMENT  OF  LOBLOLLY  FINE 

by 

L.   E.  C-haiken 
Silviculturist ,  Central  Coastal  Plain  Branch 
Charleston,  South  Carolina 


A  sales  executive  of  a  large  chemical  ^.ompany  once  predicted,  that 
the  use  of  chemical  weed  killers  would  eventually  be  greater  for  the  con- 
trol of  brush  and  woody  plants  than  for  the  control  of  weeds  in  agricul- 
tural crops.   That  was  four  or  five  years  ago  when  only  scattered  tests 
were  being  m.ade  of  the  newer  herbicides  to  determine  the  possibilities 
of  controlling  woody  species..    The  sales  executive  will  be  pleased  if 
his  prediction  comes  true,  but  the  forester  cannot  help  being  imjjressed 
by  the  tremendous  increase  in  the  use  of  these  chemicals.   For  example, 
it  is  estimated  by  Stabler  (7)  that  over  a  million  acres  of  mesquite 
will  be  chemically  controlled  during  1951  on  the  Texas  ranges.   And  over 
the  country  hundreds  of  thousands  of  miles  of  rights-of-way  have  been 
treated  for  the  control  of  brush  and  tree  sprouts. 

What  use  can  foresters  make  of  the  chemicals?   Or,  more  specifi- 
cally, as  far  as  this  publication  is  concerned,  how  can  these  chemicals 
aid  in  the  management  of  loblolly  pine  in  the  Carolinas?   Let's  look  at 
the  problems.   In  common  with  all  other  timber-producing  forest  types 
throughout  the  country,  our  sole  silvicultural  objective  is  to  sustain 
well-stocked  stands  of  valuable  tree  species  adapted  to  the  site.   Like 
many  other  forest  types,  much  of  our  forest  land  is  occupied  by  inferior 
trees.   Obviously,  any  space  on  the  forest  acre  occupied  by  trees  of 
inferior  species  or  quality  is  just  so  much  space  unavailable  to  trees 
of  higher  value. 

In  the  loblolly  pine  region  of  the  Carolinas,  the  problem  of 
aggressive  hardwood  weed  species  is  particularly  acute.   During  the  past 
two  decades  there  has  been  a  steady  building  up  of  dense  undergrowths , 
mainly  of  sweetgum,  with  local  associations  of  blackgum,  oaks,  southern 
waxmyrtle,  gallberry,  and  hickories.   Their  growth  rate  is  accelerated 
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wnen  they  are  released  by  the  removal  of  part  or  ail  of  the  pine  overstory, 
and  competition  w^  th  the  pine  reproduction  becomes  c^uite  severe.   On  many 
sites  there  is  a  very  definite  type  conversion- -from  pure  pine  to  pine- 
hardwoods  mixtures,  and  eventually,  perhaps,  to  almost  pure  hardwoods. 

There  are  two  ways  that  a  forester  can  meet  this  problem.   First, 
he  can  pro'Vide  more  pine  seed  and  better  conditions  for  germination.   And 
second,  he  can  physica.lly  subordinate  or  remove  the  inferior  trees.   In 
either  case  he  attempts  to  achieve  the  purpose  of  increasing  the  pine  com- 
ponent.  Practically,  however,  he  often  has  to  do  both. 

Methods  of  increasing  the  loblolly  pine  seed  supply  a.nd  improving 
the  seedbed  are  currently  being  studied,  and  progress  reports  have  been 
issued  by  Pomeroy  (6)  and  Trousdell  (8).   Decreasing  the  hardwood  component 
by  prescribed  fire,  by  mechanical  methods,  by  chemicals,  and  by  hand  tools 
has  been  reported  by  Chaiken  (2)  and  others. 

Tree  poisoning  is  not  a  new  notion. --At  least  25  years  ago,  studies 
were  made  of  the  use  of  arsenicals,  principally  sodium  arsenite.   Since 
then  many  chemicals  have  been  tried,  with  varying  success.   Among  these 
were:   sodium  and  calcium  chlorate;  potassium  chromate  and  bichromate; 
copper  and  iron  sulphate;  copper,  sodium,  barium,  and  zinc  chloride; 
ammionium  thiocyanate;  formaldehyde;  carbolic  acid;  sodium  fluoride; 
ethyeiene  oxide;  cresylic  acid;  kerosene;  creosote;  and  many  others  (l). 
None,  however,  was  entirely  satisfactory,  either  because  of  ineffective- 
ness, toxicity  to  the  user,  or  because  of  high  cost.   Interest  lagged  in 
the  use  of  tree  poisons  until  the  end  of  World  War  II,  when  a  number  of 
newly  developed  cliemicals  came  into  use.   Undoubtedly  the  reawakening  of 
interest  has  been  stimulated  by  the  remarkable  success  of  these  chemicals 
as  selective  herbicides.   In  any  event,  foresters  began  to  ask^  "Wnat  are 
these  chemicals  and  what  can  they  do  for  us?" 
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THE  CHEMICALS 

Ammonium  sulfamate  (much  "better  known  by  its  trade  name  "Ammate") 
was  for  many  years  considered  an  interesting  but  useless  product  until 
its  herbicidal  properties  were  discovered  about  10  years  ago.  Ammate  is 
generally  used  in  its  dry  crystalline  form  or  as  a  water  solution,  and 
occasionally  emulsified  with  oil.   It  is  non-toxic  to  humans,  wildlife  or 
livestock  but  may  cause  minor  skin  irritation  under  prolonged  contact. 
Its  residual  effect  as  a  soil  sterilant  is  negligible  for  forest  uses. 
However,  Ammate  is  quite  corrosive  to  ordinary  metal  containers,  so  that 
stainless  steel  or  protectively  coated  equipment  should  be  used. 

2,4-Dichlorophenoxyacetic  acid  and  2,4, 5-'Trichlorophenoxyacetic 
acid  (simply  abbreviated  as  2,k-'D   and  2,4,5-T^  respectively)  are  related 
plant  hormone  compounds  now  widely  known,  especially  the  former,  for 
their  ability  to  kill  weeds.   The  acids  themselves  are  seldom,  if  ever, 
used  as  weed  killers--rather  they  are  formulated  as  metallic  salts, 
amine  salts,  and  esters.   Although  there  are  many  of  these  to  choose 
from,  the  forester  need  not  be  troubled  in  making  a  selection.   The  low 
volatile  esters  of  these  chemicals,  such  as  the  butoxy  ethanol  or  the 
propylene  glycol  butyl  ether  ester,  have  thus  far  proved  to  be  more 
effective  in  the  control  of  inferior  tree  species  in  the  Carolinas  than 
any  of  the  other  formulations  we  have  tested.   Therefore,  unless  other- 
wise specified,  future  reference  to  2,U-D  or  2,i+,5-T  in  this  publication 
will  mean  these  low -volatile  esters. 

Neither  2,4-0  or  2,4,5-T  is  harmful  to  the  user  or  to  wildlife 
and  livestock.   They  are  also  non-corrosive,  which  gives  them  some  advan- 
tage over  Ammate.   And  like  Ammate  they  have  little  residual  effect  as 
soil  sterilants.   Preparations  of  2,4-D  and  2,4, 5-T  are  marketed  as  liquid 
concentrates  that  are  diluted  before  use.   The  diluents,  or  carriers,  may 
be  either  water  or  such  petroleum  oils  as  kerosene,  fuel  oil,  or  diesel 
oil,  depending  upon  the  use  that  is  made. 

Other  chemicals  are  used  as  silvicides.   Sodium  arsenite,  for 
example,  is  one  of  our  most  effective  tree  poisons,  but  it  is  hazardous 
to  use.   It  has  given  excellent  control  of  many  tree  species,  such  as 
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bitter  pecan  in  the  Mississippi  Delta  (k) .      Both  in  Canada  and  this  coun- 
try, sodium  arsenite  is  coming  into  greater  use  to  serve  the  double  pur- 
pose of  killing  trees  and  making  their  bark  easy  to  peel.   Yet  the 
forester  in  the  Southeast,  where  stock  grazing  is  frequently  uncontrolled, 
is  reluctant  to  take  the  risk  of  using  a  chemical  as  highly  toxic  as 
sodium  arsenite. 

Sodium  chlorate,  polybor  chlorate,  the  dinitros  and  the  trichloro- 
acetates,  as  well  as  dozens  of  other  chemicals,  even  borax  and  common 
salt,  will  injure  woody  plants.   None  of  these  is  as  widely  useful  to  the 
forester  as  Ammate,  2,4-D,  and  2,U,5-T. 


CONCENTRATION  AND  DOSAGE 

Concentrations  of  these  chemicals  are  expressed  in  different  ways. 
Using  the  water  emulsion  of  one  of  the  low-volatile  esters  of  2,^,5-T  as 
an  example,  concentration  may  be  given  as:   (l)  the  ratio  of  the  weight  of 
the  2,^,5-T  acid  equivalent  of  the  2,^4-,  5-T  ester  to  the  combined  weight  of 
the  water  carrier  plus  acid,  expressed  as  a  proportion;  e.g.,  10,000  parts 
per  million,  or  (2)  the  same  ratio  expressed  as  a  percentage;  e.g.,  1  per- 
cent acid  by  weight,  or  (3)  the  ratio  of  the  volume  of  the  manufactured 
product  or  concentrate  to  the  volume  of  the  water  carrier,  expressed  as 
a  percentage;  e.g.,  2  percent  by  volume.   If  the  product  as  marketed  con- 
tains the  equivalent^ of  h   pounds  of  2,^,5-T  acid  per  gallon   of  2,4, 5-T 
ester  concentrate  (as  is  now  common  marketing  practice),  then  the ' three 
expressions  of  concentration  cited  above  are  equivalent;  that  is,  10,000 
parts  per  million  =  1  percent  acid  equivalent  by  weight  =  2  percent  of 
the  product  by  volume.   The  latter  expression  of  concentration  is  quite 
simple  to  understand.   A  solution  of  2  percent  2,4, 5-T  (by  volume)  may  be 
prepared  by  adding  1  gallon  of  the  concentrate  to  49  gallons  of  water 
(50  gallons  of  water  would  be  close  enough). 

Solutions  or  emulsions  of  2,4-D  or  2,4, 5-T  of  any  desired  con- 
centration are  easily  prepared  by  following  the  proportions  given  in 
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table  1,  if  the  commercial  product  or  concentrate  contains  the  equiva- 
lent of  k   pounds  of  acid  per  gallon. 

Table  1 . - -Approximate  proportions  of  commercial  product  (containing  k 
pounds  of  2,U-D  or  2,^.3-T  acid  per  gallon)  required  to  pre- 
pare solutions  or  emulsions  of  desired  concentrations 


Concentration 

Concentration 

Volume  of  product 

Volume  of  carrier 

by  weight  of 

by  volume  of 

to  make  1  gallon 

to  add  to  1  gallon 

acid 

concentrate 

of  solution 

of  product 

(Percent) 


1/i. 

1/2 

1 


(Percent) 

(Milliliters' 
WATER  CARRIER 

( 

Ounces 

1/2 
1 
2  • 

20 
^0 
80 

OIL  CARRIER 

= 

2/3 
1-2/3 

2-1/2 

1-2/3 

3 

5 

8 
10 

65 
125 
200 

325 

i^OO 

= 

2 

h 
6-1/2 
10 

13 

(Gallons) 


200 

100 

50 


60 
30 
20 

11 
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Concentrations  of  Ammate  solutions  are  usually  expressed  as 
"pounds  of  Ammate  per  gallon  of  carrier,"  rather  than  in  terms  of  the 
active  ingredient,  ammonium  sulfamate  (of  which  Ammate  contains  80  per- 
cent). 

For  agricultural  crops  a  favored  expression  of  concentration,  par- 
ticularly for  2,i;-D  is  "pounds  of  acid  per  unit  area."  More  precisely, 
it  is  an  expression  of  dosage  rather  than  concentration,  and  as  such  gives 
an  accurate  statement  of  the  amount  of  active  ingredient  applied.   The 
usefulness  of  this  expression  becomes  apparent  when  we  consider  that  a 
given  acre  can  be  treated  with  either  60  gallons  of  1-percent  (by  weight) 
solution  of  2,U-D  or  with  12  gallons  of  5^ percent  solution.   In  both  cases, 
k-   pounds  of  2,i;-D  acid  have  been  applied  per  acre.   Since  it  is  the  active 
ingredient  that  does  the  weed  killing,  both' dosage  and  concentration  must 
be  known. 


For  forest  crops,  however,  expressions  of  dosages  are  quite  dif- 
ficult to  make.   In  the  first  place,  "pounds  of  acid  per  acre"  is  of 
little  value  because  of  the  tremendous  variability  in  the  amount  of 
brush  or  weed  trees  from  acre  to  acre  or  from  one  forest  property  to 
another.   In  the  second  place,  there  is  the  practical  difficulty  of  mea- 
suring or  even  estimating  how  much  chemical  solution  is  being  applied 
if  individual  trees  are  being  treated.   And  finally,  we  know  that  the 
amount  of  active  ingredient  is  not  always  an  index  of  tree -kilting 
capacity.   For  example,  very  light  dosages  or  low  volumes  of  h:gh  con- 
centrations V7ill  not  kill  basal-sprayed  trees,  although  a  lesser  amount 
of  active  ingredient  applied  as  a  higher  dosage  will  do  so.   As  a  con- 
sequence, we  have  resorted  to  recommending  spray  dosages  in  such  inexact 
terms  as  "to  the  point  of  runoff,"  or  "as  much  as  the  tree  wi^l  take." 


METHODS  OF  APPLICATION 

These  chemicals  have  been  applied  to  the  weed  trees  or  brush  in 
just  about  every  imaginable  way;   to  the  foliage,  to  the  bark,  on  wounds, 
on  stumps,  in  notches,  in  frills,  and  in  slits.   Any  method  will  work 
that  introduces  enough  of  the  toxic  material  into  the  conducting  tissues 
of  the  tree.   Some  methods,  though,  use  the  chemical  more  efficiently 
than  others,  so  that  a  minimum  amount  need  be  applied.   And  some  methods 
are  easier  and  cheaper  to  perform.   Some  species  react  differently  to 
different  methods;  as  an  illustration,  sweetgum  is  readily  killed  by  foli- 
age sprays  of  2,^,5-T  but  is  slow  to  respond  to  basal  sprays.   Just  to  be 
contrary,  some  of  the  oaks  are  easily  killed  by  basal  sprays  but  sprout 
vigorously  after  foliage  sprays.    The  choice  of  method  of  application 
further  depends  upon  size  of  weed  trees,  number  of  stems  or  amount  of 
brush,  quantity  and  siz'e  of  desirable  trees,  availability  of  suitable 
labor  and  equipment,  and,  finally,  the  aim  of  management. 

For  convenience,  the  methods  of  application  have  been  grouped  as: 
(l)  foliage  sprays,  (2)  cut  surface  methods,  and  (3)  basal  sprays. 
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Foliage  sprays 

It  is  natural  that  tirje  most  extensive  use  of  tnese  criemicals  for 
the  C'ontroi  of   woody  plants  has  been  as  foiiage  bprays ,  s^nce  that  metnod 
IS  readily  applied  to  masses  of  brusn.   Sucb  area-wise  control  'S  usually 
more  econv/'micai  than  stem -by- stem  treatment  where  the  stems  are  sm.al  i  and 
very  numerous.   Eari_y  m  our  investigations  we  found,  as  otners  nave,  f-iat 
just  about  aii.  the  foij.age  must  be  treated  m  e-rder  to  Ki  '  1  toe  root  sys- 
tem, of  any  given  j  "i.ant  ,   Because  it  is  inefficient  to  spray  aii  tne  foli- 
age of  large  trees,  and  aiso  probably  ineffective,  it   has  become  common 
practice  to  first  reduce  Large  stem^s  by  cutting  or  fire  and  tnen  spray 
the  resultant  sprouts. 

Complete  eradication  of  all  brush  is  seldom  accomplished  by  a 
single  spraying,  although  several  repeated  spraying  will  eliminate  all 
susceptible  species.   This  is  illustrated  in  figure  1.   Here  are  adjacent 
plots  m  a  i+S-year-old  loblolly  pine  stand.   Figure  lA  is  a  view  of  tne 
untreated  piot^  snowing  txhe  typically   dense  brusii-like  understory  of 
undesirable  hardwoods.  -A  prescribed  winter  fire  followed  by  a  single 
spraying  of  tiie  foliage  of  l-year~old  sprouts  killed  at  .Lea.st  8G  percent 
of  the  hardwood  root  stocks,  as  illustrated  m  figure  LB.   By  spot  spray- 
ing the  survivi-rs  during  the  following  two  successive  years^  we  eliminated 
practically  all  the  brush,  as  in  figure  IC . 

For  forest  management  purposes,  however,  complete  eradication  is 
not  needed  —  nor,  indeed,  is  it  even  desired-   So,  if  an  adequate  pine 
seed  source  is  available  to  restock  t^'ie  area  prompt  ly,  or  if  planting 
soon  follows  the  clearance  of  tne  brushy  the  control  accomiplished  by  a 
single  foliage  spraying  should  be  sufficient.   Existing  or  advance  pine 
reproduction  cannot  be  relied  on,  because  the  preparatory  fire  or  mecna.ni - 
cal  disking  will,  of  course,  eliminate  pme  as  wei^  as  reduce  brusn.   Even 
if  fire  or  disking  is  not  used,  tne  present  chemicals  m  our  f  on  age 
sprays  are  also  toxic  to  pine  reproduction,  as  well  as  to  brusr, ,   This 
method,  then,  is  useful  only  when  we  desire  to  regenerate  even-aged 
stands . 
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2,^,3-T  for  foliage  sprays. --All  things  considered,  we  believe 
that  the  most  efficient  foliage  spray  for  the  species  associated  with 
loblolly  pine  in  the  Carolina  flatwoods  is  a  water  emulsion  of  l/4  of  1 
percent  low-volatile  esters  of  2,^,5-T  (acid  equivalent  by  weight).   The 
emulsion  may  be  prepared,  as  directed  in  table  1,  by  adding  one  gallon 
of  i+-pound  commercial  product  to  200  gallons  of  water.   One  gallon  of 
the  emulsion  or  spraying  solution  as  mixed  costs  about  6  cents.   There 
are  other  foliage  sprays,  and  some  cheaper  too,  so  our  experience  with 
them  will  be  reviewed  briefly. 

When  we  first  began  to  investigate  foliage  sprays  some  years 
ago,  we  examined  the  cheaper  chemicals.   Early  tests  with  the  ammonium 
and  sodium  salts  of  2,^-D  looked  quite  promising,  but  we  later  found 
that  our  good  results  were  directly  tied  in  with  season  of  application. 
For  example,  a  satisfactory  kill  of  sweetgum  and  associated  species  was 
obtained  only  when  we  treated  during  the  midsummer,  about  the  time  of  the 
formation  of  the  terminal  buds.   The  amine  salts  of  2,4-D  also  gave  unre- 
liable results.   The  esters  of  2.^-D  were  much  better  than  the  salts  but 
yet  not  as  effective  as  2,4, 5-T.   Nor  were  combinations  of  2,4-D  and 
2,4,5-T  as  effective  as  equivalent  or  even  lower  concentrations  of 
2,4, 5-T  alone.   Solutions  of  Ammate  at  3/4  to  1  pound  per  gallon  of  water 
have  reportedly  given  results  as  good  as  2,4,5-T  and  sometimes  much  better 
although  at  a  cost  two  to  three  times  as  high.   The  greater  cost  and  the 
corrosive  properties  of  Ammate  make  it  less  useful  for  forest  management 
purposes  than  2,4, 5-T  as  foliage  sprays.   We  might  add  that  tests  of 
these  chemicals  showed  that  an  increase  in  concentration  over  the  minimum 
effective  concentration  did  not  bring  about  a  corresponding  increase  in 
effectiveness  of  kill. 

Spray  any  time  after  full  leaf ing. --Until  later  investigations 
proved  otherwise,  most  research  workers  believed  that  these  chemicals  were 
more  effective  when  applied  to  young  succulent  foliage.   While  that  may 
have  been  so  for  young  seedlings,  these  chemicals,  applied  to  woody  plants 
with  well-established  root  systems,,  quickly  destroy  succulent  foliage 
but  fail  to  kill  the  roots.   Perhaps  this  is  because  of  the  limited  leaf 
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area  sprayed  or  the  initial  vigor  of  spring  growth,  but  at  any  rate  we 
have  found  that  2,^,5-T  gives  better  root  kill  if  applied  after  full 
development  of  the  foliage. 

Species  susceptibility  varies. --The  foliage  of  practically  all 
tree  and  woody  shrub  species  encountered  in  the  Carolina  flatwoods  is 
killed  by  sprays  of  Ammate  or  2,^i-.5-T,  some  species  more  readily  than 
others.   However,  defoliation  does  not  mean  that  the  roots  are  destroyed-- 
some  species  and  some  individuals  will  resprout.   It  is  difficult  to  list 
species  susceptibility,  for  there  is  wide  variation  within  as  well  as 
between  species.   Sweetgum,  for  example,  is  usually  quite  susceptible  to 
foliage  sprays  of  2,k,^-T   but  there  are  areas  where  resprouting  has  been 
greater  than  anticipated.   We  do  not  know  why.   In  general,  we  can  expect 
little  resprouting  after  foliage  sprays  of  2,^.5-T  on  sweetgum,  blackgum, 
southern  waxmyrtle,  and  gallberry.   Many  oaks  will  resprout^  and  these  are 
better  controlled  with  Ammate.  A  few  species,  such  as  catalpa  and  sweet 
bay,  fortunately  less  common  in  loblolly  pine,  seem  to  resprout  just  as 
vigorously  after  spraying  as  after  mere  cutting  of  the  stems. 

Woods  spraying  requires  heavy  equipment . --In  contrast  to  the  ease 
of  spraying  rights-of-way,  woods  operations  are  rather  cumbersome.   From 
50  to  150  gallons  of  solution  are  required  to  treat  an  acre  of  1-year-old 
sprouts,  so  that  a  tremendous  amount  of  water  will  be  consumed  on  large 
areas.   Large  capacity  tanks  are  needed  to  haul  this  water  into  the  woods 
and  heavy  motive  equipment  is  needed  to  haul  the  tanks.   Even  in  our  level 
flatwoods  areas  it  is  frequently  difficult  to  maneuver  heavy  equipment. 

Foliage  spraying  by  aircraft  has  been  used  in  the  extensive  brush 
and  range  lands  of  the  West  and  Southwest,  but  is  poorly  adapted  to  the 
Southeast.   Our  forest  lands  are  usually  in  small  blocks,  intermingled 
with  farm  lands,  and  the  chemicals  used  in  brush  control  are  highly  toxic 
to  most  agricultural  crops.   Furthermore,  the  best  time  to  control  brush 
is  before  it  takes  over  the  forest; that  is,  when  it  is  still  a  relatively 
innocuous  understory  in  pine  stands--and  not  easily  sprayed  by  aircraft. 
All  methods  of  spraying  foliage,  and  particularly  when  fog  machines  and 
mist  sprayers  are  used,  require  caution  to  prevent  drift  into  areas  of 
susceptible  farm  crops. 
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Foliage  sprays  are  expensiv ; . --A  6-acre  block  of  quite  de  se 
1-year-C'ld  sprouts  was  sprayed  at  a  cost  of  $11.62  per  acre,  broken 
down  as  follows: 

Cost  per  acre 

Chemical-   125  gallons  of  l/U  of  l/o  2,i^,5-T 
at  $0.06  per  gallon 

Equipment  charges :   0-5  hours  of  pump,  tank 

and  tractor  operation 

Labor:   Tractor  operator  -  0,5  man-hours  at 
$1.00 
Spraymen  -  i.5  man-hours  at  $0.75 

Total  cost  per  acre  $  11.62 

(The  above  are  on-the-job  costs  only,  and  do  not 
include  overhead,  transportation,  etc.) 

This  is  a  costly  operation,  although  other,  less  dense  areas 
might  be  treated  for  about  $8.00  per  acre.   Yet,  if  the  failure  to  con- 
trol the  brush  results  in  only  a  partial  pine  st^nd,  perhaps  the 
investment  is  justified.  Oddly  en  ugh,  owners  occasionally  forget  that 
no  amount  of  brush  control  will  produce  seedlings  unless  pine  seed  is 
available. 

There  are  other  ways  to  control  brush. --Even  though  single 
prescribed  fires  reduce  only  the  size  of  the  stems  of  inferior  species, 
and  seldom  the  number,  they  usually  exert  sufficient  control  and  encour- 
age the  regeneration  of  loblolly  pine.   Burning  is  cheaper  than  spr-^^ying 
foliage.   Both  size  and  number  of  competing  stems  can  be  reduced  by  some 
mechanical  means,  such  as  disking,  at  a  greater  cost  than  prescribed 
fire  but  still  cheaper  than  foliage  sprays.   Almost  complete  eradication 
can  be  obtained,  at  a  rather  considerable  cost,  by  either  foliage  sprays 
or  some  such  mechanical  clearing,  as  bulldozing.   The  forester  can  get 
just  about  as  much  control  as  he   s  willing  to  pay  for. 
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Cut  surface  methods 

Another  way  to  apply  these  chemicals  is  to  introduce  them  into 
the  trees  through  some  sort  of  cut  in  the  stem,  such  as  notches,  frills, 
and  incisions,  or  on  the  stumps  or  stubs  of  felled  trees.   Since  indivi- 
dual stems  are  treated,  it  is  easy  to  see  that  this  procedure  is  usually 
not  applicable  to  masses  of  brush,  where  there  may  be  thousands  of  stems 
per  acre.   Ordinarily,  the  cut  surface  methods  are  used  to  liberate 
existing  and  desirable  but  .overtopped  reproduction.   It  is  often  diffi- 
cult to  cnoose  which  trees  to  release  and  which  to  deaden.   This  choice 
depends  upon  present  and  expected  local  markets,  and  must  rest  with  the 
individual  forest  manager. 

Should  we  girdle  or  poison? --Over  the  years  many  trees  have  been 
girdled  to  liberate  desirable  reproduction.   There  have  been  failures  and 
successes--some  trees  fail  to  die  after  girdling,  others  persist  for  a 
long  time  before  dying,  and  many  trees  resprout.   Nevertheless,  with 
the  exception  of  certain  hard-to-kill  species,  as  beech,  sweetgum,  and 
blackgum,  girdling  has  generally  been  effective.   So,  if  tree  poisons 
are  to  be  used,  they  must  offer  something  more  than  mere  girdling.   With- 
out question,  the  tree  poisons  are  more  effective  than  girdling.   They 
kill  trees  more  surely  and  more  quickly,  with  little  or  no  resprouting. 
But  there  is  some  question  about  comparative  costs;  some  poisoning 
methods  appear  to  be  as  cheap,  or  even  cneaper  than  girdling- -otiiers 
definitely  cost  more. 

Ammate  crystals  in  notches . --During  recent  years  one  of  the  most 
popular  methods  of  poisoning  individual  trees  has  been  the  use  of  dry 
Ammate  crystals  in  notches  or  cups  chopped  in  the  base  of  the  tree,  as 
in  figure  2.   Peevy  (5^)  recomiriends  that  a  level  tablespoonful  (about  1/2 
ounce)  of  Ammate  be  placed  in  each  notch,  and  tne  notches  be  spaced 
6  inches  apart  from  edge  to  edge.   Reports  of  the  failure  of  this  method 
to  kill  trees  of  certain  species  or  at  some  season  of  the  year  appear 
to  be  due  to  inadequate  dosage.   We  have  found,  in  the  Carolinas ,  that 
an  increased  dosage  of  a  heaping  tablespoonful  of  Ammate  (about  1  to 
1-1/2  ouncnes  per  notch)  will  kill  the  species  associated  with  loblolly 
pine,  and  at  any  season  of  the  year. 
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Figure  2. — Most   tree   species   can  "be   quickly  killed  by  using  Aminate   crys- 
tals   in  notches  or   "cups." 


The   cost  of  this  method   is  high,   from  one-and-a-half  to  two 
times   the  cost   of  double-hack  girdling,   but   the  results   are   excellent. 
It  gives  the   quickest  kill  of  more   species   than  any  other  method  and 
chemical  we  have   tested   (with  the   exception  of  sodiiom  arsenite,   which 
is   not  acceptable   for  general  use). 

Ammate   solution  in  frills. — As  recommended  by  Peevy,    a  19-3- 
percent   solution  of  Ammate    (at  2  pounds  per  gallon  of  water)    is  poured 
into   single-hack  girdles   or   overlapping  ax  cuts   encircling  the   tree. 
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The  cost  is  about  half  that  of  using  crystals  in  notches,  and  roughly 
about  the  same  as  the  cost  of  double-hack  girdles.   However,  it  is  less 
effective  than  the  notch  method,  but  decidedly  more  effective  than 
girdling.   Some  basal  sprouts  are  to  be  expected  and  an  occasional  tree 
will  resprout  in  the  crown,  apparently  recovering  entirely  from  the 
effects  of  the  chemical.   The  soutnern  oaks,  with  the  exception  of  live 
oak  (Q,  virginiana) ,  are  readily  k:' lied  by  this  method.   Beech  and  hic- 
kory are  difficult  to  kill,  and  sweetgum  and  blackgum  are  moderately  so. 

2,U,3-T  in  fri!j,ls.--A  variant  of  the  above  frill  technique,  using 
low  concentrations  of  2,^,5-T  rather  than  Ammate,  offers  very  good  control 
at  a  moderate  cost.   An  emulsion  of  1  percent  2,^,5-T  (by  weight)  costs 
a  little  less  than  a  2-pound  solution  of  Ammate ,  so  treatment  should  cost 
about  the  same  as  double-hack  girdling.   And  since  2,^4-,  5-T  is  not 
corrosive,  fewer  problems  in  supply  and  treatment  are  encountered.   How- 
ever, the  method  does  have  one  possible  disadvantage:   2,4,5-T  does  not 
kil]  trees  quickly.   Some  species  are  deadened  within  several  months; 
others  take  a  year  or  mere  to  die.   But  we  have  observed  absolutely  no 
resprouting  from  properly  treated  2,^,5-T  frilled  trees.   Since  this 
method  seems  to  be  one  of  the  most  efficient  ways  to  poison  large  indivi- 
dual trees,  somie  of  the  details  of  the  technique  are  given: 

A  1-percent  emulsion  of  2,4, 5-T  by  weight,  or  its  equivalent  of 
2  percent  by  volume,  is  easiiy  prepared,  as  directed  in  table  1,  by  add- 
ing 1  gallon  of  a  4-pound  comiriercial  product  to  50  gallons  of  water. 
The  emulsion  tends  to  settle  out,  and  must  be  thoroughly  agitated  during 
preparation  and  at  frequent  intervals  during  use.   We  add  a  red  dye-- 
one  of  tne  concentrated  wood  stains--to   the  solution  to  facilitate 
distinction  between  poisoned  and  non-poisoned  trees.   This  permits  frill- 
choppmg  and  poisoning  to  be  done  by  different  men,  one  man  pouring  for 
two  to  four  choppers.   The  solution  may  be  carried  to  the  trees  in  5-ga-llon 
back-pack  cans,  with  gravity  flow  through  a  nozzle  into  the  frills.   The 
dosage  is  important:   pour  in  as  much  as  the  frill  will  take  without  wast- 
ing.  Two  rapid  trips  around  tne  tree,  or  one  slow  trip,  should  do  the 
job.   The  method  of  pouring  is  illustrated  in  figure  3A .   Some  idea  of 
how  much  chemical  to  pour  into  the  frill  is  given  in  figure  ^.   The  number 
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Figure  3A. --Since  2,4, 5-T  is  non-corrosive, 
it  can  "be  poured  into  frills 
from  ordinary  metal  containers. 
Back-pack  cans,  holding  atout  a 
half -day's  supply,  are  easily 
adapted  for  gravity  flow. 


Figure  3B.--Red  oaks  show  a  character- 
istic bark  proliferation 
when  treated  with  2,i+,5-T. 


-  17  - 


Figure   U.--One  gallon  of  2,4,5-T   frilling  solution  will  treat  about   38 

trees  6  inches   d.b.h.   at  a  chemical  cost  of  2/3  of  a  cent  per 
tree,    or   I3  trees   17  inches  d.t.h.    at  a  cost  of  2  cents  per 
tree. 


of  trees   that   can  be   treated  per   gallon  of  solution  varies   from  38  trees 
6  inches   d.b.h.    to  I3  trees   17  inches   d.b.h. 

Among  the   species   easily  killed  by  2,k,'^~'J!   in  frills   are   those 
of  the  white  oak  group:      live  oak,    post  oak,   white  oak,    and   swamp  chest- 
nut oak.      Some  of  these,   especially  live  oak,    are   quite  resistant  to 
other  tree  poisons,    and  yet  we  find  this   species  readily  killed  by  even 
low  concentrations   of  2,i|-,5-T.      The   red  oak  group  ranks  next   in  suscepti- 
bility;  among  these  are  water,   willow,   and  laurel  oaks,   and   southern  red 
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oak  as  well  as  its  vanety,  cherrybark  oak.   Figure  3B  sh-"'Ws  the  typical 
proliferation  of  tne  bark  of  red  oaks  several  montus  after  treatment  vitii 
2,^,5-T-   As  with  Airimate  in  frills,  beech  and  hickory  are  not  killed  as 
quickly  with  2,^,5-T  as  are  the  oaks.   Sweetgum  and  blackgum  are  slow 
to  respond.   However,  all  species  that  we  have  tested  can  be  killed  by 
2,^,5~T  in  frills,  if  treated  with  adequate  concentration  and  dosage. 

The  friil  method  is  practical  only  for  trees  larger  than  h   or 
5  inches  d.b.h.   Smaller  trees  are  difficult  to  frill  properly;  these 
may  be  poisoned  by  other  methods,  or  simply  felled  without  poisoning. 

If  we  assume  that  a  gallon  of  2,U,5-T  frilling  solution  costs 
25.3  cents,  we  can  calculate  from  figure  h   that  the  chemical  cost  per 
6-inch  tree  is  about  2/3  of  1  cent,  and  a  little  over  i  cent  for  a  10- 
inch  tree,  and  almost  2  cents  for  a  17-inch  tree.   The  time  required  for 
frilling  and  applying  the  chemical  varies  with  size  and  spacing  of  the 
trees.   In  several  large-scale  operations,  labor  time  for  frilling,  poi- 
soning and  walking  between  trees  was  3  to  i|-  man-hours  per  100  trees, 
averaging  7  to  9  inches  d.b.h.   Somewhat  over  200  trees  of  this  size 
could  be  poisoned  per  man -day  of  labor  in  stands  averaging  100  trees 
per  acre.   Cost  figures  are  less  useful  here  than  time  requirements, 
since  labor  costs  depend  on  local  labor  rates.   However,  the  examples 
given  below  will  serve  to  show  how  costs  were  divided  among  the  differ- 
ent phases  of  the  frilling  and  poisoning  operation. 

For  a  2^-acre  block  the  per -acre  values  are: 

Number  of  trees  treated 70 

Average  d.b.h 7-6" 

Labor 

Chopping,  1.7^  man-hours  at  7'?'^  -  $1-30 

Pouring,  0^58  "   "    "   "  =  _   .kk 

Total  2.32   "   "    "   "  =  f  1.7^ 

Chemical 

1.60  gals,  of  lio   solution  at  25.3^  -     -^0 

TOTAL  COST  PER  ACRE •  -   $  2 .  lU 

The  above  costs  represent  direct  costs  only,  and  do  not  Include  overhead, 
supervision,  transportation,  equipment,  or  supply. 


-  19 


In  a  large  test,  a  pu^p  and  paper  company  in  Scutn  Carolina 
reported  tne  f o  :  L.owmg  costs  witn  the  use  of  2,^,5'T  In  fril_s: 
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Relative  costs  per  tree  of  the  frilx  metnr.d  and  I'ther  methods 
are  given  in  table  2  on  page  28. 

Tne  poisoning  of  stumps ■- -Tnese  cnemicals  nave  aiso  been  used 
on  tree  stumps  to  kill  root  systems  and  prevent  resproutlng.   If  tne 
sole  purpose  is  to  rid  the  forest  property  of  undesirable  trees,  tnere 
are  other  and  cheaper  ways  to  do  it  than  to  fell  tne  tree  and  poison 
tne  stump.   But  if  the  undesired  tree  nas  a  positive  stumpage  value -- 
even  just  a  +*ew  pennies -  =  tnis  meth.od  cou.-d  be  used  to  prevent  tne 
regrowth  of  tne  mferi  :r  species,  with  part  or  all  the  cost  of  poison- 
ing being  offset  by  the  returns  from  stumpage. 

For  small  trees,  below  h   inches  d.b.h.,  a  tablespoonful  of  dry 
Ammate  crystals  may  be  placed  on  a  V-snaped  stump.   Tnis  will  prevent  the 
respr'.utlng  of  many  species,   jt  is  usually  cheaper,  especially  for  larger 
stumps,  to  spray  the  top  and  sides  with  an  01^  solution  of  2,U,5^T.   A  3- 
percent  solution,  by  weignt  (as  directed  in  table  j.,  1  gallon  of  a  h- 
pound  commercial,  product  to   20  ga.Lons  of  oil  carrier  ;  will  control 
most  '-.f  the  troublesome  specres  in  tne  Southeast.   An  example  of  the 
excellent  control  possible  by  this  method  is  illustrated  by  figures 
5A  and  5B  . 

ALthuugh  tests  are  under  way  tc  determ:ne  hew  _ong  after  cutting 
one  mignt  wait  before  poisoning,  for  the  present  it  is  safe  practice  to 
treat  fresny-cut  stumps.   Tne  tecanique  requires  tnat  the  sides  as  well 
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Figure  5A. --Stumps  may  be  poisoned  to  prevent  resprouting.   Sprayed  with 
2,i|,5-T  in  oil  just  after  cutting,  these  sweetgum  stumps 
have  not  sprouted  after  two  growing  seasons. 


Figure  5B. --Untreated  sweetgum  stumps  sprout  vigorously,  as  shown  by 
these  2-year-old  sprouts,  8  feet  tall. 
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as   ttje   top   of   the   stumps  be   tn:,  r'-.-ugaly  wetted,    to   the   point   of   solution 
runoff,    down   to   tne   grc'und    Level. 

n  m^  st   deciduous   tree   species    small    stumps    sprout   abundantly, 
'large  stumps    j.ess   sc^    ard  very    i.arge    stunjis    •  n  ^y  infrequently.      It   is 
well   to  be   awai^e  of   tais   reLatlonsnip  and  spray  c  r  Ly  tnose   species   and 
sizes   that   resprout  vigcrously.      An  oil-solubi_e   dye   added   tc    the    spray- 
ing solution  to   stain  toe   stuni|_'  top   wi  1^  maKe   tnose   treated  ^easily  dis - 
t:  ngu:.  shab  .e   f^i^   severs,,  days. 

We  nave   !-'ni.y  fragmentary  cost  data,  for   stuirjt   sprays.      The   chemi- 
cals  cost  ab'.ut   3   cents   for   s].ray"ing  a  stamf.'  8   mcnes    in  diameter,    and 
laPor   adis   about   .^,'2   cent  more. 

An'itner  use   f..  r   stump   sprays    is    m   right-of-way  C'  nstructic/n . 
The   cost   of   subsequent   maintenance   wii^  be   considerably  reduced   if  ail 
sprouting   species   are   treated  after  -^el^'ng.      It   is   sprouts   fr-  m  stumps 
with   large  root   systems   tnat  g've    the  ffjost   troubLe   m  rignt  -  .'f -way  ma:in' 
tenance  by  f0j.iage   sprays. 

Other   cut_surface  methods . --Foresters   try  ng   tc    fmd   chea.per 
ways    'f    -ntrcduc-ng  poisons   Into   trees  have   used   ho  .e -punching   tro-s, 
ccmlbinaticn  hacks   and   sprayers,    ^njection  devices^    and  undoubtedly  dozens 
of  others.      One  of   the    best,    the   Cornel-  Tree  Ki^i^ng  Too_,    was   deve_oped 
some   20  years   ago   by  Ct.pe   and   Spaetn   (3/-      Though  or-g^.na;__y  designed  fcr 
use  w-.th   sodium,  arsenite^    it   has   recently  been  used   witn  2,^,5=-T  and 
Ammate        Our   tests   using  2,ii-,5-T  are   still   mcompxete,    but   reports 
Indicate   good   results   wltn  Ammate   at   h.  to   8  pcmnds   per   gallon.      The  Cor- 
nexi  Toolj    or   some   simi-^ar   device^    may  provide   tne   answer   to   trje   problem 
of   poisoning   many  sraail   tree    stems,    wnere    the   cost   of    ..abor,    rather   than 
the   cost   ,,f   Chemicals,    has  miade    sucn   pcosonmg   almost  prohibitive. 

Basal_^  sprays 

Alternatively  caiied  barK. ,  stem,  trunic,  or  d .  rmant  sprays,  basal 
sprays  consist  simply  of  spraying  a  band  of  barK  encircling  tne  base  of 
the  tree-   The  cnemicais  presumably  penetrate  tne  bam^  kixl  tne  cambium 
and  are  translocated  dovThward  and  Ki^.L  the  roots.   Tne  simp.Licity  of  the 
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method,  with  such  little  manual  labor  involved,  has  captured  the  fancy 
of  many  foresters.   Yet,  of  all  the  methods  of  poisoning,  this  is  the 
most  expensive--at  least  for  large  trees.   Reasons  why  will  be  pointed 
out  later. 

Although  some  tree  species  and  sizes  may  be  killed  with  lower 
concentrations,  we  have  found  most  consistent  results  with  3  percent 
2,^1-,  5 -T  in  oil  (acid  equivalent  by  weight) --the  same  as  used  for  stump 
sprays .   The  base  of  the  tree  must  be  sprayed  up  to  a  height  of  about 
2  feet.   For  small  trees,  1  or  2  inches  d.b.h.  or  less,  a  band  about 
12  inches  high  seems  adequate.   For  any  tree,  the  dosage  must  be  heavy; 
that  is,  the  solution  must  be  applied  until  the  bark  becomes  saturated 
and  the  excess  solution  begins  to  run  off.   Figure  6  shows  the  method  of 
application  and  figure  7  shows  tne  effectiveness  of  basal  sprays. 

Most  tree  and  shrub  species  can  be  killed  by  this  m.ethod.   In 
fact,  some  species,  such  as  beech  and  hickory,  are  more  easily  deadened 
by  basal  sprays  than  by  either  frills  or  notches.   It  would  seem  logical 
that  the  thin-bark  species  are  more  susceptible  to  this  technique,  and 
indeed  we  find  that,  in  addition  to  beech  and  hickory,  other  thin -bark 
species,  such  as  hornbeam  and  southern  waxmyrtle ,  are  quickly  killed. 
Among  the  thicker -bark  trees,  the  white  oak  group  is  particularly  suscep- 
tible.   The  red  oaks  can  also  be  controlled.   However,  sv/eetgum  and 
blackgum  are  slow  to  respond,  and  variable  results  are  obtained  unless 
quite  heavy  dosages  are  used. 

Some  idea  of  how  much  chemical  is  required  to  treat  individual 
trees  is  given  in  figure  8.   One  gallon  of  3-percent  solution  will  treat 
about  Ik   trees  6  inches  d.b.h.  or  three  trees  17  inches  d.b.h.   Remember 
that  a  gallon  of  solution,  if  poured  into  frills,  will  treat  about  three 
times  as  many  trees.   This  is  only  one  of  the  reasons  why  basal  sprays 
are  more  costly  than  frills.   Others  are:   about  two -and -one -half  times 
as  much  2,i4-,5-T  concentrate  is  required  to  make  a  3-percent  basal  spray 
solution  as  is  used  in  a  1-percent  frilling  solution;  the  oil  diluent 
used  for  basal  sprays  costs  about  15  cents  per  gallon,  while  the  water 
carrier  of  the  frilling  solution  costs  nothing.   Add  them  up  and  we  find 
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Figure  6.--A  pressure  back-pack  pump  is  a  handy  gadget  for  "basal  spray- 
ing, "but  only  about  four  such  trees  can  be  treated  per  gallon 
of  2,^4-, 5-T  solution.  The  same  equipment  can  be  used  for 
stump  spraying. 
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Figure  ?. --Beech  (a) ,  hickory  (b),  and  elm  (c)  are  usually  difficult  to 
deaden;  however,  these  species  are  readily  killed  by  2,i+,5-T 
basal  sprays . 
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Figure  8. --Basal  sprays  use  about  three  times  more  chemical  solution 

than  frills.     One  gallon  of  basal  spray  solution  will  treat 
about  Ik  trees  6  inches  d.b.h.    and  only  about  three   trees 
17  inches . 


that   it  costs  about  5  cents,   for  chemicals  alone,    to  kill  a  6-inch  tree, 
and  about  21  cents  for  a  15-inch  tree.     For  frilling,    the  chemicals  cost 
a  little  more  than  I/2   cent  per  6-inch  tree  and  about   I-I/2   cents   per 
15-inch  tree.      Thus  the  chemical  cost  of  basal  sprays   is  10  to   I5  times 
the   cost  of  frills. 

It  is   true  that  the   labor  cost  of  basal  sprays   is   less   than 
that  required  for  frills.     For  example,    in  one  test  we  found  that  the 
labor  of  chopping  a  frill  and  pouring  the   solution  into  a  tree   10  inches 
d.b.h.    consumed  l.hk  man -minutes,   or  at  75   cents  per  hour,   a  labor  cost 
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of  i,8  cents  per  tree.  it  took  0.9b  man-minutes  or  1.2  cents  worth  of 
labor  to  basal  spray  the  same  tree.  Spraying  is  also  easier  and  safer 
work  than  chopping  frills. 

Possibilities  for  lowering  the  cost  of  basal  spraying  by  reduc- 
ing the  dosage  or  tne  concentration  of  2,4,5-T  are  limited.   For  certain 
species,  hornbeam,  and  waxmyrtle,  1  percent  -acid  by  weignt)  appears  to 
be  sufficient.   Hovfever ,  for  the  woods-run  of  species,  anything  less 
than  3  percent  gave  erratic  results.   Still  another  way  would  be  to  use 
a  cheaper  diluent  than  fuel  oil.   Thus  far,  water  carriers  with  a.dded 
penetrants  have  given  only  indifferent  results.   Yet  we  believe  that  fur- 
ther research  will  find  ways  to  reduce  the  costs  of  basal  sprays. 

There  is  a  good  possibility  that  basal  sprays  can  be  used  econo- 
mically to  poison  trees  too  small  to  frill  or  notch.   We  have  had  excel- 
lent kill  of  trees  averaging  about  1  inch  d.b.h.  at  a  cost  of  less  than 
1/2  cent  per  tree  for  chem:;  cals  a.nd  labor.   This  method  is  also  being 
used  more  and  more  to  control  brush  along  rights-of-way,  in  lieu  of  foli- 
age sprays  and  especially  for  species  resistant  to  foliage  sprays. 


TIME  OF  YEAR  FOR  POISONING 

It  is  usually  preferred,  in  the  Southeast,  to  carry  on  timber 
stand  improvement  programs  during  the  fall,  winter  and  early  spring. 
Labor  is  more  readily  available  and  can  work  more  efficiently  in  hardwood 
brush  during  those  months.   Foliage  sprays,  of  course,  must  be  applied 
during  the  growing  season,  but  the  other  poisoning  techniques  can  be 
done  at  any  time  of  the  year.   While  it  is  possible  that  poisoning  dur- 
ing the  growing  season  may  be  more  effective  or  require  less  chemical, 
such  savings  will  surely  be  offset  by  the  advantages  of  fail  to  spring 
treatments.   For  this  reason  we  have  designed  our  research  for  dormant 
season  application. 

Both  the  frill  and  basal  spray  techniques,  using  2,k,3-T,    kill 
trees  rather  slowly.   We  have  observed,  however,  that  trees  are  killed 
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more  quickly  if  treated  just  prior  to  spring  leafing.   Whether  or  not 
the  speed  of  deadening  is  associated  with  more  complete  kill,  is  still 
to  be  determined. 


SOME  COMPARATIVE  COSTS  OF  POISONING  METHODS 

In  one  test,  small  but  precisely  controlled,  comparative  costs 
were  extracted  for  several  different  methods  of  deadening  large  trees. 
The  usual  tree  species  associated  with  loblolly  pine  were  represented, 
ranging  from  5  to  25  inches  d.b.h.   Treatments  were  made  on  half -acre 
plots  selected  so  as  to  be  almost  identical  in  number  of  trees  and  basal 
area.   Costs  for  the  several  treatments  are  given  in  table  2  below. 

Table  2. --Relative  costs  of  poisoning  methods  compared  to  girdling,  and 

costs  per  lO-inch  tree  — 


Method 


Relative 
cost 


Labor 


Per  lO-inch  tree 


Labor 


Chemical 


Total 


Percent 

Percent 

Cents 

Cents 

Cents 

Double-hack  gir 

die 

100 

100 

4.8 



4.8 

Ammate  notches 

190 

25 

1.8 

5.3 

7.1 

2,4, 5-T  frill 

71 

60 

1.8 

1.2 

3-0 

2,4, 5-T  basal 

278 

10 

1-3 

10.4 

11.7 

2,1+,  5 -T  stump 

2U5 

10 

0.9 

7.9 

8.8 

1/ 


Only  direct  costs  of  labor  and  chemical  are  given;  all  other  costs  are 
excluded.   Labor  is  at  rate  of  75?^  per  hour,  chemicals  at  current  cost 
to  industrial  consumer. 
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CHEMICALS  AND  PINE  MANAGEMENT 

Although  this  booklet  deals  principally  with  chemical  techniques, 
the  forest  owner  should  remember  that  other  methods  and  combinations  are 
available.   Examples  of  these  are  demonstrated  on  the  Santee  Experimental 
Forest,  near  Charleston,  S.  C,  in  loblolly  pine  with  dense  hardwood 
understories  and  cull  hardwoods  intermingled  with  the  overwood.   On  one 
block  the  low  brush  was  broken  up  with  a  tractor-drawn  disk  harrow  just 
prior  to  the  seedfall.   Then  the  pine  stand  was  cut  to  seed  trees,  and 
the  residual  cull  hardwoods  poisoned  after  logging.   This  area  is  under 
control  and  will  regenerate  to  pine--at  a  direct  cost  of  $6.12  per  acre. 
Another  block  was  placed  under  control  by  prescribed  fire  and  large-cull 
poisoning,  at  a  direct  cost  of  $2.87  per  acre.   Still  other  blocks  with 
low  brush  and  no  large  culls  are  controlled  by  prescribed  fire  alone,  or 
by  disking.   On  some  areas  where  fire  or  disking  cannot  be  used  because 
of  the  presence  of  pine  reproduction,  seedlings  were  released  from  the 
competition  of  heavy  brush  by  cleaning  or  weeding  with  chemicals--at  a 
cost  of  about  2  cents  per  released  seedling. 

The  chemical  techniques  can  be  used  to  control--or,  if  desired, 
eradicate  from  the  forest--all  trees  and  shrubs  of  all  species  and  sizes, 
even  the  pines.  But  not  a  single  one  will  do  the  entire  Job,  nor  should 
the  forester  rely  upon  chemicals  alone.  Along  with  the  other  tools  he 
commands,  these  chemical  aids  will  permit  the  forester  to  solve  specific 
problems  of  controlling  weed  species. 
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SU14MARY 

The  following  suggestions  are  based  on  5  years  of  experimenta- 
tion in  the  flatwoods  of  South  Carolina.   This  research  is  still  in 
progress.   Recommendations,  therefore,  are  tentative  and  subject  to 
revision. 

Chemicals  to  use 

2,^,5-T  (tne  low-volatile  esters  of  2,^i-,5-Trichlorophenoxyacetic 
acid)  is  marketed  as  a  liquid  concentrate  (usually  containing  the  equiva- 
lent of  k   pounds  of  2,'^-,5-T  acid  per  gallon)  and  must  be  diluted  for 
use.   The  diluent  or  the  carrier  may  be  either  water  or  oil  (such  as 
kerosene,  fuel  oil,  or  diesel  oil)  depending  upon  the  method  used. 

Ammate  (trade  name  for  ammonium  sulfamate)  is  marketed  and 
often  used  in  the  crystalline  form.  It  may  also  be  used  in  a  water 
solution. 

Both  Ammate  and  2,4,5-T  are  useful.   Ammate  is  corrosive  to 
metal  and,  while  non-tozic,  may  cause  skin  irritation  under  prolonged 
contact.   2,^1-,  5-T  is  neither  corrosive,  toxic,  nor  irritating.   It  kills 
vegetation  more  slowly  than  Ammate,  but  is  often  cheaper  to  use. 

Methods  of  application 

Foliage  sprays . --Either  Ammate  or  2,U,5-T  may  be  used  as  a  water 
solution.   This  method  is  most  useful  for  1-  or  2-year-old  sprouts  or 
brush  up  to  6  feet  tall.   All  foliage  must  be  sprayed  to  the  point  of 
runoff. 

Notches  or  cups . --Crystalline  Ammate  may  be  placed  in  notches 
cut  in  the  trunk  at  the  base  of  the  tree .   The  number  of  notches  to  be 
used  equals  one-half  the  diameter  of  the  tree  in  inches  at  breast  height. 
In  each  notch,  place  one  rounded  tablespoonful  of  Ammate  (about  1  ounce). 

Frills. --Either  Ammate  or  2,U,5-T,  as  a  water  solution  may  be 
poured  into  single-hack  girdles  or  overlapping  ax  cuts  encircling  the 
tree  at  convenient  chopping  height. 
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stumps. --An  oil  solution  of  2,^,5-T  may  be  sprayed  to  the  point 
of  runoff,  on  the  tops  and  sides  of  freshly-cut  stumps.   Crystalline 
Ammate,  at  the  rate  of  1  tabiespoonful  per  2  inches  of  stump  diameter, 
may  be  placed  on  stump  tops. 

Cornell  tool. --High  concentrations  of  Ammate  in  water  solution 
are  injected  into  the  base  of  the  tree.   A  single  "jab"  should  be  suffi- 
cient for  stems  1  or  2  inches  d.b.h.;  larger  trees  require  correspondingly 
more  "jabs." 

Basal  sprays. --2 ,^, 3-T  in  an  oil  solution  is  sprayed  on  a  band 
of  bark  encircling  the  base  of  the  tree.   For  stems  under  2  inches  d.b.h., 
the  band  should  be  about  12  inches  wide;  for  larger  stems,  2^  inches 
wide. 


Recommended  cone e ntrati o n  for  various  poisoning  methods 


Chemical  and  Method 

2,^4-,  5-T  foliage  sprays 
2,U,5-T  frills 
2,U,5-T  basal  sprays 
2,^4-,  5 -T  stump  sprays 
Ammate  foliage  sprays 
Ammate  notches 
Ammate  frills 
Ammate -Cornell  tool 
Ammate  stumps 


Concentration  or  dosage 


1  gallon  2,^,5-T  to  200  gallons  water 
1  gallon  2,^,5-T  to  50  gallons  water 
1  gallon  2,4, 5-T  to  20  gallons  oil 
1  gallon  2,U,5-T  to  20  gallons  oil 
1  pound  Ammate  to  1  gallon  water 

1  tablespoon  Ammate  crystals  per  notch 

2  pounds  Ammate  to  1  gallon  water 
6  pounds  Ammate  to  1  gallon  water 

1  tablespoon  Ammate  crystals  per  2  inches  of 
stump  diameter 


1/ 


Concentrations  of  2,4, 5-T  are  based  on  commercial  products  of  low- 
volatile  2,4,5-T  esters  containing  the  equivalent  of  h   pounds  of 
2,4,5-T  acid  per  gallon  of  product. 
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A  Iter  native  methods  cf  poisori?Lng  -  by  species  and  sizes 
(ranked  in  order  of  efficiency) 


Species 

Sweetgum 

and 
blackgurn 


White  oaks 

and 

red  oaks 


Brush 
(under  6  ft.  tallj 

2,4, 5-T  foliage 
Animate  foliage 
2,4,5-T  basal 


Small  trees  Large  trees 

( 1  to  4  in.  d  -b-h. )  (over  k   in.  d.b.h. ) 


Ammate  notches 
2,4,5-T  basal 
Ammate -Cornell 
2,4, 5 -T  stump 
Ammate' stump 


Ammate  foliage 
2,4,5-T  basal 


Ammate  notches 
2,4, 5-T  basal  ■ 
Ammate -Cornell 
Ammate  stump 
2,4,5-T  stump 


Ammate  notches 
Ammate  frill 
2,4,5-T  frill 
2,4,5-T  stump 
Ammate  stump 


2,4, 5-T  frill 
Ammate  frill 
Ammate  notches 
Ammate  stump 
2,4, 5 -T  stump 


Hickories 

and 

beech 


2,4,5-T  basal 
Ammate  foliage 


2,4,5-T  basal 
Ammate  notches 
Ammate -Cornell 
2,4,5-T  stump 


2,4,5-T  basal 
2,4,5-T  frill 
Ammate  notches 
2,4,5-T  stump 


Myrtle 


2,4,5-T  basal 
Ammate  foliage 
2,4,5-T  foliage 


2,4,5-T  basal 
Ammate  notches 
Ammate -Cornell 
2,4,5-T  stump 
Ammate  stump 


2,4,5-T  basal 
Ammate  notches 
2,4,5-T  stump 
Ammate  stump 


Season  to  treat 

Foliage  sprays  must  be  applied  during  the  growing  season,  any 
time  between  full  leafing  and  late  summer.   All  other  poisoning  techniques 
can  be  carried  out  at  any  time  of  the  year,  but  are  more  easily  applied 
during  the  dormant  season. 
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Coimrierclal  products  available  - 

These  chemicals  may  be  purcnased  from  local  distributors  of  the 
following  manufacturers: 

Dow  Chemical  Company  markets  the  propylene  glycol  butyl  ether 
ester  of  2,i+,5-T  as  "Esteron  2U5." 

American  Chemical  Paint  Company  markets  the  butoxy  ethanol 
ester  of  2,^,5-T  as  "Weedone  2,U,5-T." 

Du  Pont  Chemical  Com-pany  manufactures  '  Ammate"  and  also  distr j  - 
butes  the  propylene  glycol  butyl  ether  ester  of  2,k,'^-T   as  "Du  Pont  2U5T 
Ester  Brush  Killer  (low  volatile)-" 

A  satisfactory  water-soluble  dye  used  for  frilling  solutions  is; 
"Du  Pont  Wood  Stain  Scarlet  Cone,  NS , "  mixed  at  the  rate  of  1  pound  to 
200  gallons  of  solution. 

For  stump  sprays ,  an  oil-soluble  dye  is  available  from  Ciba  Com- 
pany, as  "Oil  Red  CY,"  mixed  at  the  rate  of  1  pound  to  16O  gallons  of 
solution. 


-  The  list  of  products  is  presented  for  the  convenience  of  users;  the 
completeness  of  the  list  cannot  be  guaranteed.   Listing  does  not  imply 
warranty  of  the  standard  of  the  product  to  the  exclusion  of  other  pro- 
ducts which  may  also  be  suitable. 
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Forest  Service^  Region  8. 

Cooperative  studies  were  made  on  the  Francis  Marion  National 
Forest  and  on  the  Westvaco  Experimental  Forest  and  southern  woodlands 
of  the  West  Virginia  Pulp  and  Paper  Company, 

The  Dow  Chemical  Company,  the  American  Chemical  and  Paint  Com- 
pany, and  E,  I,  Du  Pont  Company  provided  materials  for  testing. 
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INTRODUCTION 


Forest  fire  control  In  the  Northeast  is  a  bigger  and  more  responsible 
job  than  most  people  realize.  State,  Federal,  and  other  agencies  cur- 
rently spend  some  6  millions  of  dollars  in  prevention  efforts  and  in  sup- 
pressing the  15  or  16  thousand  fires  that  burn  each  year.  There  is  good 
reason,  therefore,  to  develop  better  and  more  uniform  methods  of  damage 
Appraisal  so  that  the  total  fire  bill--cost  plus  loss--can  be  determined 
/ith  greater  accuracy.  It  is  only  thus  that  the  value  of  present  and 
plajined  protection  can  be  estimated. 

Until  1951  there  was  no  uniformity  of  procedure  in  appraising  forest 

ire  damages  in  the  Northeast.  Each  State,  and  sometimes  even  districts 
rithln  a  State,  had  its  own  rules  and  scale  of  values.  For  example,  the 
lamage  most  frequently  reported  for  young,  satisfactorily  stocked  hardwood 

tands  ranged  among  States  from  one  to  twenty  dollars  an  acre  (fig.  l). 

n  some  field  vmits,  a  flat  damage  rate  per  acre  was  assessed  regardless 
bf  stand  conditions  or  fire  severity.  Obviously,  such  a  wide  divergence 
lade  comparisons  among  States,  and  damage  statistics  in  general,  rather 
leaningless.  Recognizing  the  need  for  more  uniformity  in  appraisal,  the 

ncluded  set  of  provisional  tables  was  accepted  for  trial  by  the  North- 
eastern States  beginning  in  1951- 

The  procedures  and  tables  presented  are  essentially  the  same  as  those 
)repared  by  the  Southern  States  Forest  Fire  Control  Chiefs'  Forest  Fire 


-'  Respectively:  Forester,  Division  of  Fire  Research,  Southeastern 
crest  Experiment  Station;  Forester  (Fire  Control),  Region  7;  Chief, 
livision  of  Fire  Research,  Southeastern  Forest  Experiment  Station. 
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Figure  l.--Fire  damage  per  acre  to  satisfactorily  stocked  young  hardw(& 
stands,  reported  by  1^+-  Northeastern  States,  19^3-19^9,  varied  widc.y, 


Damage  Committee  in  cooperation  with  the  U.  S.  Forest  Service  and  accep  ;d 
throughout  the  South  in  19^9.  The  values  in  the  present  tables  have  b':D 
adjusted  to  correspond  with  the  burning  index  scale  on  the  type  5-W  )r 
5-0  meters.  With  this  and  some  minor  modifications,  uniform  methods  )f 
appraising  fire  damage  are  now  used  from  Maine  to  Texas. 


It  is  emphasized  that  the  values  in  the  tables  were  derived  thrcljh 
the  systematic  use  of  averages--average  timber  stand  losses  and  averl^e 
stand  values.  As  is  the  nature  of  averages,  the  fig\ires  will  be  reasj,!- 
ably  accurate  for  large  groups  of  fires  but  for  a  single  fire  mayoe 
quite  unreliable. 


BASIS  OF  FIRE  DAMAGE  APPRAISAL  SYSTEM 


Fire  Damage  Studies 

The  effects  of  wildfires  on  timber  values  have  been  studied  intensively 
J  the  Southern  and  Southeastern  Forest  Experiment  Stations.  Their  obser- 
ations  on  some  78^000  trees  on  more  than  3^0  burned  areas  form  the  basis 
Dr  the  present  damage  tables.  The  southern  pines  and  principal  Appalachian 
lardwood  species  are  well  represented  in  the  data.  From  these  and  subse- 
jiient  studies  it  was  possible  to  determine  the  relation  of  tree  size, 
pecies,  and  fire  intensity  to  tree  mortality  and  growth  reduction.  In 
idition,  cooperative  studies  with  the  Division  of  Forest  Pathology  estab- 
Lshed  the   amount   of  butt  decay  that   can  be   expected   in  burned   stands. 

Mortality  is  the  main  effect  of  fire  on  both  conifers  and  hardwoods. 
3cay  following  wounding  by  fire  can  also  cause  appreciable  loss  in  hard- 
bods.  In  fact,  pitch  streaks,  unsound  knots,  or  other  defects  caused  by 
ire  can  lower  the  quality  of  mature  timber  in  all  species.  On  the  other 
and,  growth  reduction  in  both  type  groups  is  considered,  on  the  average, 
D  be   so.. small  that   it   can  be   ignored  for  damage   appraisal  purposes. 

It  is  well  known  that  under  some  conditions  fires  damage  watershed, 
Lldlife,  soil,  recreation,  and  other  values.  However,  so  little  research 
'dv(jas  been  done  on  these  very  complex  phases  of  fire  effects  that  as  yet 
b  direct  monetary  evaluation  of  them  is  possible.  However,  a  flat  rate 
f  one  dollar  per  acre  has  been  added  to  all  values  in  the  tables  to 
Dver  these  effects. 


Fire  Damage  Factors 


In  considering  the  factors  to  be  used  in  appraising  forest  fire  damage, 
compromise  between  refinement  and  utility  had  to  be  made.  Some  degree 
f  accuracy  had  to  be  sacrificed- -not  believed  to  be  great  on  the  basis 
f  present  information- -to  make  an  easily  workable  system.  Accordingly, 
rerjroad  classes  of  forest  types,  tree  size,  and  stand  density,  together  with 
eason  of  burning,  and  fire  intensity  as  measured  by  burning  index,  were 
sleeted.  These  are  variables  that  are  significant  in  their  effect  on 
ollar  damages;  at  the  same  time,   they  are  easily  determined  in  the  field. 


Forest  type. --Only  three  type  groups  are  recognized  in  our  damage 
ta"bles  :  pine,  pine -hardwoods ,  and  hardwoods.  This  may  seem  an  over-'j 
simplification  "because  there  are  five  generalized  types  in  the  Northeast,' 
namely,  White-Red  Pine,  Spruce-Fir,  Oak-Hickory,  Maple -Beech -Birch,  and 
Loblolly-Shortleaf  Pine.  However,  no  other  course  was  possible  "because 
of  the  dearth  of  applicable  information  regarding  fire  damage  in  the  White- 
Red  Pine  and  Spruce -Fir  types.  Except  for  these  two,  we  believe  the 
northeastern  types   are   adequately  represented   in  the  basic  damage   data. 


The  question  has  been  raised  whether  damage  figures  obtained  froi 
studies  on  southern  and  mid-Atlantic  conifers  can  be  applied  to  northeri 
conifers.  There  can  be  no  positive  answer  until  additional  research  ha; 
been  carried  on.  However,  there  is  some  evidence  that  the  different 
between  the   two  groups   is  not  as   great  as  might  be   supposed. 


The  best  information  on  this  point  was  obtained  from  a  comparison  o 
our  mortality  figures  with  those  obtained  from  a  survey  by  the  Northeaster 
Forest  Experiment  Station.  Mortality  in  young  conifer  stands  on  mor 
than  150,000  acres  following  the  19^7  fires  in  southwest  Maine  differe 
by  less  than  one  percent  from  the  figures  on  which  our  tables  are  base 
when  the  burning  index  was  reckoned  at  100.  What  the  difference  woul 
be  at  other  levels  of  fire  intensity  is  not  known,  but  it  should  not  b 
great.  Another  fact  revealed  by  the  Maine  survey,  as  will  be  seen  frc 
the  following  tabulation,  is  that  there  was  little  difference  in  seedlir 
and  sapling  mortality  among  the  pure  coniferous  and  mixed  types  or  i 
pole  timber  among  all  types,  but  obviously  fewer  small  hardwoods  wer 
fire-killed. 


Type 

White  pine,  spruce-fir, 
pitch  pine,  and  hemlock 

White  pine -hardwood,  and 
spruce -fir-hardwood 

Hardwood -white  pine,  and 
hardwood -spruce-fir 

Hardwood 


Mortality 
Seedlings  and  saplings        Poles 

(Percent)  (Percent) 


19 

78 

76 
66 


58 
52 

53 
56 


This  higher  mortality  rate,  plus  the  increased  susceptibility  of  sur- 
iving  hardwoods  to  decay,  clearly  indicates  the  necessity  for  distinguish- 
ng  hetween  hardwood  and  coniferous  types,  but  the  data  do  not  indicate 
^hat  otherwise  much  refinement  is  warranted.  They  are  not  conclusive  hut 
re  supporting  evidence  in  favor  of  our  original  plan  to  use  only  the 
hree  type  groups,  pine,  hardwood,  and  pine -hardwood.  Northern  conifer- 
us  types,  which  may  not  be  adequately  covered  by  this  scheme,  should  be 
Isted  as   either  pine  or  pine-hardwood  for  damage  appraisal  purposes. 


.ti 


lei 


Tree  size. --For  all  species  so  far  as  is  known,  the  larger  the  tree 
iameter  the  greater  the  resistance  to  fire.  This  relationship  in  pines 
s  graphed  in  figure  2.      The   correlation  in  hardwoods   is   also  strong. 
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.gure  2. --Mortality  by  diameter   classes   in  young  pine   stands   (burning 
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Figure  3. — Fire  damage  in  young  pine  |md 
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For  the  purpose  of  improving  accuracy  of  the  tables,  it  would  har 
"been  desirable  to  introduce  more  than  two  diameter  classes  as  variablf 
in  the  hardwood  type  group.   But,  owing  to  the  difficulty  of  classifyii 
typically  uneven-aged  hardwood  stands  by  diameter,  only  two  classes 
under  12  inches  and  over-  12  inches  d.b.h.--were  recognized. 

In  the  pine  and  pine-hardwood  type  groups,  four  diameter  classes  we: 
included,  representing  roughly,  reproduction,  sapling,  pulpwood  and  sa 
timber  stages  of  stand  development. 

Stand  density. --Stand  density,  that  is,  relative  number  of  trees  on 
unit  of  area,  is  used  in  this  system  of  appraisal  as  one  measure  of  t) 
worth  of  the  stand.  By  and  large,  stand  values  are  directly  proportion 
to  the  number  of  stem^  per  acre.  Volume  would  be  a  better  index,  1 
because  it  is  difficult  to  measure  without  a  good  deal  of  experienc  , 
stand  density  has  been  used.  There  should  be  little  difficulty  in  class 
fying  stands  into  the  two  broad  classes,  satisfactory  or  unsatisfactcj 
stocking. 

Stand  origin. --For  several  reasons  origin  has  been  included  as  one  f 
the  variables  in  appraising  damage  in  pine  stands.  On  the  average,  plant c 
stands,  both  satisfactorily  and  unsatisfactorily  stocked,  yield  more  tli 
natural  stands  in  similar  categories.  Also,  because  of  the  probalj 
increase  in  planting  in  the  future,  as  indicated  by  long-range  foresl'j 
programs,  it  was  thought  desirable  to  emphasize  potential  losses  fM 
fire  by  means  of  a  separate  table.  Such  information  may  have  additioi.] 
value  in  convincing  owners  that  plantations  deserve  a  high  degree  of  pi 
tection. 

Fire  intensity. --Fire  damage  and  fire  intensity  are  obviously  con;- 
lated;  the  hotter  the  fire  the  greater  the  damage.  Burning  index  if' 8 
fairly  reliable  gage  of  intensity  and  is  therefore  used  in  the  appraiiil 
tables. 

The  relation  between  fire  intensity  and  damage  is  plotted  in  figure  5. 
Losses  are  expressed  as  a  percentage  of  present  worth,  or  capital  ve  ui 
of  the  stand. 

Season  of  year. --In  addition  to  the  factors  already  discussed,  ehk 
element  or  elements  associated  with  season  of  the  year  have  a  signf 
cant  effect  on  fire  losses.  Generally  speaking,  fires  do  more  damage ii 
late  spring,  summer,  and  early  fall  than  in  winter.   The  reasons  for  h( 


lUi  i: 


sasonal   differences    are   not   clearly  defined,    but   two   factors   probably 

count    for   most    of    the    increased    summer   damage.      One  'is    the   general 

If^'bsence  of  hardened  bud   scales   and   corky  bark  on  twigs   during  the   growing 

;ason,   and  the  other   is  higher  vegetation  temperatures   during  the    summer- 

Lme. 


pi 


Unprotected  plant  tissue  is  easily  damaged  by  extremes  of  either  heat 

cold.  And  when  vegetation  is  hot  because  of  exposure  in  bright  summer 

imshine,  only  a  small  heat  contribution  from  a  fire  will  raise  the  tem- 

;rature  of  tissues  to  or  beyond  the  lethal  temperature,  which  is  roughly 

^0  . 

Ideally  speaking,  it  would  be  best  if  the  temperature  of  the  individual 
ly  could  be  included  as  a  factor  in  damage  appraisals.  However,  the  fire 
mger  stations  are  nox  measuring  temperature.  Consequently,  it  has  been 
jsumed  for  present  damage  appraisal  purposes  that  severe  damage  is  pro- 
,i.ble  during  the  season  when  daily  mean  air  temperatures  remain  at  or 
)Ove  50°,  a  condition  favoring  plant  growth,  and  maximum  daily  air  tem- 
;ratures  average  at  least  60°.  As 'the  temperature  of  exposed  vegetation 
■equently  will  exceed  that  of  the  surrounding  air  by  about  20°,  this 
ans  that  the  temperature  of  plant  tissue  frequently  will  exceed  80°  dur- 
ig  this  period.  On  an  average,  the  trends  of  the  daily  mean  and  the 
Lily  maximum  temperatures  are  coincidental,  so  a  single  transition  date 


;  fjiin  be  chosen  in  spring  and  fall  to  denote  the  change  of  season. 


Accordingly,  the  year  has  been  divided  into  two  seasons,  summer  and 
nter.  An  analysis  of  20  years  of  Weather  Bureau  records  for  the  North- 
.st  establishes  the  following  transition  dates  for  the  several  states 
lid  some  subdivisions.  Either  the  individual  median  dates  (May  1  and 
tober  23  or  2k  in  Rhode  Island,  for  example)  or  average  dates,  as  stated 
.  page  19,  can  be  used. 

As  a  practical  means  of  taking  this  average  differential  between  sea- 
ns  into  account,  damage  figures  for  summer  fires  are  greater  than  for 
nter  by  an  amount  equivalent  to  one  danger  class. 
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Daily  maximum  temp. 


State 


District 


Virginia 

Coastal 

Piedmont 

Moiintain 

Kentucky- 

Eastern 
Central 

Western 

West  Virginia 

Southern 
Northwestern 

Northeastern 

Maryland 

- 

Delaw£Lre 

- 

New  Jersey 

- 

Pennsylvania 

Eastern 
Western 

Connecticut 

- 

Rhode  Island 

~ 

New  York 

Western 
North  Central 

South  Central 

Eastern 

Massachusetts 

- 

New  Hampshire 

- 

Vermont 

- 

Maine 

- 

of  60  or  more 
To 


From 

3/10 
3/20 
3/29 

3/17 
3/19 
3/15 

3/20 
3/30 

Vi 

1^/2 

Vi 

h/YJ 

1^/17 
1^/27 

5/2 

5/3 
5/2 
1^/28 
V30 

V30 

5/1 

5/2 

5/12 


ll/2iv 
11/8 
ll/lv 

11/11 

11/8 

11/12 

11/8 

11/5 
11/1 

11/3 

ll/i^ 

10/30 

10/25 
10/2i4- 

10/25 
10/20 

10/15 
10/11 
10/20 
10/18 

.10/20 

10/11 

10/8 

10/6 


Mean  daily  temp 

of  50° 

or  more 

From 

To 

3/li+ 
3/30 
V3 

11/21 

11/5 
10/3Ci 

3/22 
3/21 
3/17 

11/1 

ll/'i 

11/1; 

Vi 

1,  /)> 

11/:| 

V5 

k/k 

h/Yl 

V23 
1+/29 

i+/27 

i^/30 

5/2 

5/2 

V30 

iv/29 

1+/29 

5/5 
5/9 
5/13 


10/ 
10/ 
10/ 
10/ 

10/ 
IC 
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BASIS  OF  FIRE  DAMAGE  VALUES 

Average  Yields 

The  yield  of  forests  is  a  composite  of  many  products.  In  the  North- 
ast,  an  evaluation  of  yield  would  include  bean  poles,  pulpwood,  fuel 
ood,  acid  wood,  mine  props,  stave  "bolts,  shingle  and  shuttle  blocks, 
asket  splints,  tanbark,  poles,  piling,  sawlogs,  and  a  variety  of  other 
Mroducts.  However,  production  varies  from  place  to  place  and  from  time 
D  time.  Mine  props,  for  example,  are  only  cut  in  areas  reasonably  close 
b  the  mines,  and  tanbaxk  some  years  is  hardly  merchantable,  though  there 
ave  been  years  when  entire  stands  were  cut  exclusively  for  bark.  For 
ur  damage  appraisal  tables  it  was  therefore  necessary  to  use  average 
5gion-wide  yields  of  products  which  could  be  reckoned  in  stable  units 
id  for  which  there  is  a  universal  and  continuing  demand.  Experience  has 
lown  these  to  be  pulpwood  for  conifers  (the  earliest  merchantable  pro- 
uct)  and  sawlogs  for  hardwoods.  If  the  demand  for  immature  hardwood 
ilpwood  expands,  the  average  yield  of  hardwood  stands  will  also  need  to 
=  computed  in  terms  of  pulpwood. 

The  average  yield  of  northeastern  forests  in  terms  of  these  stable 
lits,  and  the  accompanying  stumpage  prices  in  the  following  tabulation 
j:e  thought   to  be  reasonable  averages   for   satisfactorily  stocked   stands: 

Unit 
'^Z'  Type  Origin  Age  Yield/acre       value       Value/acre 

J  Pine   and  pine-       Natural       20  yrs.  10  cds.  $2.00  $20.00 

hardwood  Planted        20  yrs.  15  cds.  2.00  30.00 

Hardwood  Natural       80  yrs.        5,700  b.f.  7. 50  ^2.75 


10/|! 

^^/iasatisfactorily  stocked  stands  are  expected  to  yield  only  one-third  of 

16 se  amounts, 

10 

Unit   prices    are   assumed    to   be   the    net   price   after  marketing   costs 
ive  been  deducted. 


A~ 


Average   Costs 

The  per-annum  cost  of  producing  stumpage  varies  widely  as  does  tl 
numtier  of  items  entering  into  the  cost.  These  are  usually  considered  1 
be  management  expense,  protection  costs,  taxes,  administration,  and  inte 
est  on  investment. 

Management  expense. --Although   some   forest   owners   spend  considerab 
amounts  on  silvicultural  measures   (thinning,   pruning,   eliminating  undesl] 
ables,    etc.),    these   practices   are   not  widespread.      Average  managemeij  ^ji 
costs    on   a  region-wide   basis    are    considered   to   be   negligible  and  a] 
ignored  in  our  calculations.      The   same   is  true  of  administrative  expenses  jjt 

Protection  costs . --Almost  all  forest  land  in  the  region  is  protectf 
by  either  State  or  Federal  services.  In  addition,  it  is  rather  commc 
practice  for  timber  landowners  to  plow  and  maintain  firebreaks,  elimlna- 
hazards,  contribute  time  in  suppressing  fires,  and  so  on,  thus  supplemen 
ing  the  protection  furnished  by  public  agencies.  Allowance  for  protectii 
in  our  figures  includes  the  average  amount  spent  by  State  and  Federi 
agencies  plus  the  estimated  average  value  of  contributions  by  the  landowne: 

Taxes . --All  forest  landowners  who  periodically  harvest  products  p< 
taxes  in  some  form  or  other,  although  the  amount  and  method  of  paymei  ^ 
differ.  Some  pay  on  the  basis  of  assessed  valuation,  others  on  the  bas: 
of  the  worth  of  products  cut  or  sold.  Because  there  is  no  good  way  ( 
calculating  an  average,  what  appears  to  be  a  reasonable  figure  (10  cen 
per  acre  per  year)    is   used. 


In  summary  the  recognized  per-annum  costs   per   acre   are: 
Type  Taxes  Protection 


Pine 

Pine -hardwood 

Hardwood 


Taxes 
(Cents) 

10 
10 
10 


(Cents) 


12 

10 

6 


Total 
(Cents) 

22 
20 
16 


f 


.nteii' 


!ral)i 
lesii 
;eiiiei 
id  ai 
fflsei 

;ect!  i 
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Interest  Rate 

A  rate  of  3  percent  Is  uniformly  used  to  discount  average  yields  and 
;apitalize  average  costs. 

Stand  Values 

The  value  of  immature  timber  stands  is  fixed  primarily  "by  its  expected 
uture  yield  and  its  current  age.  Average  expected  yields  have  been  set 
ip,  and  the  following  average  ages  for  immature  stands,  determined  for  the 
lost  part  from  U.  S.  Forest  Survey  data,  are  used  in  these  calculations: 


Type  Size  class  Average  age 

C Inches )  (Years) 

linal 

»i|      Pine  and  o  ?'f'S  .1 

™l  .     pine-hardwood  \    -,    -,r^  r. 

deril                ^  i^.  1-10,0  20 

'™'*                u     ^        ^  0-12.0  25 

^^^'^^^^^  12.1+  80 


lymeiliie  dollar-and -cents  value  of  immature  stands  then  can  be  calculated  by 
ubstituting  the  preceding  values  in  the  following  equation: 


Y  +  E    „         .    V  =  Value  of  immature  stand 
V  =  -  E 

1.0  p  Y  =  Ultimate  sale  value 

_  Annual  expense 
Interest  rate 

p  =  Interest  rate 

n  =  Number  of  years  to  reach 
maturity 

Dr  example,  the  computations  for  hardwoods  in  the  0  to  12-inch  size  class 
re: 

V  =  ^^    -  (^)  =  $^.13 


11^ 


Damage  Computations 

The  amount  of  damage  under  each,  category  In  the  tables  is  comput( 
from  the  following  equation: 


Damage  =  $1.00  +  (stand  val\ae  x  expected  loss) 

For  example,  in  the  heirdwood  type,  0-12.0  inches  size  class,  satisfactor; 
stocking,  burning  index  65,  vrinter  season,  the  computations  axe: 

Damage  =  $1.00  +  (k.l^   x  0.68)  =  $3-8l, 

or  when  rounded  off  as  in  our  tables,  $4.00. 


HOW  TO  APPRAISE  FIRE  DAMAGE 


The  usual  procedure  in  determining  damage  by  this  system  is  to  (l)  cIe 
sify  the  timber  stand  burned  by  type,  density,  origin,  and  tree  size 
the  field  and  then  (2)  compute  the  loss  in  ^he  office --average  tabula1| 
damage  per  acre  times  acres  burned. 

Ordinarily,  the  tabulated  figures,  which  include  average  total  d£ 
to  timber  stands  below  sawlog  size  and  damages  from  degrade  in  satisf?! 
torily  stocked  sawlog  stands,  plus  a  $1.00  allowance  in  all  categor:! 
for  intangible  losses  to  soil,  water,  forage,  and  resources  other  t]j 
timber,  are  all  that  are  needed  to  compute  the  loss  from  wildfires, 
exceptions  are  those  fires  that  kill  sawlog  trees  (not  merely  wound'j 
defoliate)  and  destroy  or  damage  cut  pulpwood,  logs,  fuel  wood,  fencl 
buildings,  and  otiier  forest  products  or  tangible  improvements.  A  sep| 
ate  appraisal  must  be  made  to  determine  these  added  damages.  The  averi 
value  of  these  supplemental  losses  is  not  included  in  the  tables  becal 
of  the  wide  variation  between  fires;  damages  to  improvements  have  b| 
appraised  as  high  as  $20,000  on  a  20-acre  fire,  whereas  the  usual  fig! 
is  zero. 


input 
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Classifying  the  Timber  Stand — Field 


ictoi 


As  a  general  rule  no  plots  will  "be  measured  and  no  tallies  made  when 
assifying  the  timher  stand.  The  warden  or  fire  boss,  while  suppress- 
g  the  fire,  particularly  while  mopping  up  or  stepping  across  and  around 
le  fire  to  determine  the  area,  should  be  able  to  determine  the  stand 
ndition  with  little  difficulty  or  extra  work. 

To  illustrate  how  a  timber  stand  is  classified,  assume  that  an  l8-acre 
re  burned  on  March  I5,  1951?  at  "the  intersection  of  Heywood  and  Shoal 
ads.  Limestone  Township.  The  town  warden  estimated  the  situation  thus: 
tural  stand,  about  50  percent  pine  and  50  percent  hardwoods,  predomi- 
ntly  pulpwood  size,  growing  space  pretty  well  occupied  and  no  large 
enings  or  brushy  areas,  no  saw  timber  killed  and  no  cut  forest  products 

physical  improvements  damaged.  So  he  reported  this  information  on 
e  Supplemental  Fire  Damage  Report  in  this  manner  (his  entries  shown  on 
;e  sample  form  on  the  following  page): 

Location —  intersection  Heywood  and  Shoal  roads,  Limestone  Township 
Name -Number —  Limestone  ^h6 
Date  of  fire--  March  I5,  1951 
Type  (page  17)--  Pine-hardwood 
Origin  (page  I7)--  Natural 
)iil8|  Size  class  (page  I8)  and  density  (page  l8)—i4-.  1-10.0  inches,  satisfactory 
Area  burned  --  I8  acres 


Icl 
iize 


;rt 


dai  dinarily  that   concludes   the  warden's  part  in  appraising  fire  damages. 

:i6{ 

Supplemental  appraisals  to  determine  the  worth  of  saw  timber  killed 
d  cut  products  or  improvements  destroyed  must  be  designed  to  fit  indi- 
dual  jobs.  For  instance,  if  a  great  deal  of  saw  timber  was  killed  over 
3,000-acre  area,  a  10-  or  20-percent  cruise  might  be  made  to  determine 
e  volume  killed.  But  if  the  same  kill  occurred  on  only  10  acres,  pro- 

s^!  ibly  a  100-percent  tally  would  be  made.   Hence,  no  attempt  is  made  to 

*'^'  '.tline  the  procedures  to  be  followed.   Stumpage  and  improvement  values 

'^'^  Jed,  of  course,  should  be  the  average  price  currently  paid  in  free  sales 

'^'  'r  similar  commodities  in  the  community, 

fii  I 
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SUPPLEMENTAL  FIEE  DAMAGE  REPORT 
Location  /nt   ^/.^^-^  ^  ^^-^  /P-^->  - 

L/msit'"'^  Tew/tsht, 

N 

ame -number  / ///7«i '<"7&  -^^     Date  o 
PINE  TYPE                 PINE 

f  fire  A^arc/l    /^, 

/9SJ 

-HARDWOOD  TYPE  X 

Planted 

Natural  |  x"| 

Area 
Biirned 

Fire 
Intensity 

Damage 
per 
Acre 

Total   1 
Damage  ■ 

Size  class 

Density 

Inches  DBH 
0-2.0 

Stems  per  acre 
Less  than  More  than 

300        300 

Acres 

B.I.  or 

class 

Dollars 

Dollars 

' 

s 

2.\-h.Qi 

200        200 

In 

U. 1-10.0 

120        120 

/8.0 

Os) 

(2) 

d-^j 

10.1  plus 

15 
Classify      15 
young       ] 

growth 

1 

HARDWOOD  TYPE 

1 

0-12.0 

200        200 

1 

12.1  plus 

15 

Classify      15 
young           1 
growth       ' 

Total  area 

burned                  f /<^  ^ J 

{^'i 

1 .  Dama.ge 

2 .  Damage 

3 .  Damage 
U .   Damage 

to  young  growth  and  intangibles,  si 

ib-total  from  above 

or  value  of  sawlog  trees  killed 
to  forest  products 
to  improvements 

^ 

L 

1 

rS 

IT 


Computations --Off Ice 

m  addition  to  the  stand  classification,  a  measure  of  fire  intensity 

essential  in  appraising  fire  damage.  Where  fire  danger  is  measured, 

in  most  districts,  and  the  burning  index  recorded  in  the  district  office, 

~  \e   dispatcher  or  other  designated  person  need  only  enter  the  index  in 

le  Fire  Intensity  column  on  the  Supplemental  Fire  Damage  Report.   If 

mger  measurements  are  lacking.  Intensity  must  be  estimated  while  sup- 

•essing  the  fire  and  the  estimate  recorded  as  part  of  the  field  data. 

^  th  the  stand  classified,  fire  intensity  recorded,  and  knowing  the  sea- 

n  of  the  year,  the  district  officer  can  easily  find  the  average  damage 

r  acre  under  the  proper  category  in  the  tables  and  record  this  figure 

.  the  form.  Total  damage,  of  course,  is  merely  the  product  of  acres  and 

mage  per  acre. 

In  the  preceding  Illustration,  with  a  burning  index  of  65,  the  office 
tries  on  the  Supplemental  Fire  Damage  Report  are  those  that  are  circled. 


STANDARDS  AND  DEFINITIONS 


For  appraisal  purposes,  the  area  burned  may  be  considered  as  a  single 
it  if  it  is  fairly  uniform;  if  it  is  not  uniform,  it  may  be  divided 
__  to  any  number  of  smaller  units  in  terms  of  the  following  definitions 
,  standards : 

1.  Forest  type 

a.  Pine — 75  to  100  percent  conifers,  regardless  of  species 

b.  Hardwoods^-75  to  100  percent  hardwoods,  regardless  of  species 

c.  Pine -hardwood- -Any  mixture  other  than  the  above 

If  few  or  no  trees  are  evident  (open  land),  the  area  should  be 
classified  as  one  of  the  three  types  according  to  the  timber  type 
surro\inding  the  area. 


r 
c 


2,  stand  origin  (method  of  establishment) 

a.  Natural --established  by  natural  seeding  or  sprouting 

b.  Planted — established  by  direct  seeding  or  planting 


xo 


3.     Size  class 

Classified  according  to  the  diameter  "breast  high  (^-l/2  feet  aho- 
ground)  of  the  predominating  group  of  trees  per  unit  of  arei, 
whether  they  he  seedling,   sapling,   pole,   or  sawlog  trees. 

Description  Size  class 

(d.h.h.) 

Pine  and  pine -hardwood  types 

Seedlings  to  bean  poles  0    -  2.0" 

Bean  poles  to  pulpwood  2.1"  -  k.O" 

Pulpwood  or  cordwood  k.l"   -   10.0" 

Saw  timber  10.1"  plus 

Hardwood  type 

Seedlings,  bean  poles,  q   -  12  0" 

and  cordwood 
Saw  timber  12.1"  plus 

Where  two  or  more  size  classes  are  intermingled,  only  one  wil] 
used.  It  will  be  the  largest  size  class  with  satisfactory  densj 
or  if  no  size  class  has  satisfactory  density,  the  size  class  slj 
ing  the  greatest  injury. 

k.     Stand  density 

Pine  and  pine-hardwood  types:  classified  according  to  the  nui 
of  conifers  per  acre,  other  species  disregarded. 

Hardwood  type<  classified  according  to  the  niimber  of  hardwo( 
other  than  weed  species  (sassafras,  sourwood,  fire  cher' 
gray  birch,  alder,  etc.)  per  acre. 

Satisfactory  stocking:   characterized  by  uniform  tree  spac  ] 
few  openings  and  no  large  openings,  little  or  no  grass,  fei 
and  weeds  growing  under  the  tree  crowns,  and  the  folic i 
number  or  more  trees  per  acre.   The  average  spacing  of  1 
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in  a  satisfactorily  stocked  stand  is  also  tabulated  because 
sometimes  it  is  easier  to  judge  spacing  than  to  estimate  the 
niomber  of  trees. 

Size  class        Trees  per  acre  Spacing 

(d.b.h. )        (Minimum  n^umber)      (Maximum  feet) 

Pine  and  pine -hardwood  types 


0    -  2.0" 

300 

12  X  12 

2.1"  -  J+.O" 

200 

15  X  15 

k.r  -  10,0" 

120 

20  X  20 

10.1"  plus 

15 
Hardwood  type 

50  X  50 

0    -  12.0" 

200 

15  X  15 

12.1"  plus 

15 

50  X  50 

Unsatisfactory  stocking:   all  stands  not  conforming  to  the  above', 
including  "open  land." 

Season  of  the  year:   Either  the  following  average  dates  or  the 
individual  median  dates,  shown  on  page  10,  may  be  used. 

a.  New  England  and  New  York 

Summer:  May  1  through  October  15 
Winter:   October  l6  through  April  30 

b.  Other  states 

Summer:   April  1  through  October  3O 
Winter:   November  1  through  March  3I 

Fire  intensity 

County  or  district  index  for  the  day  as  integrated  by  the  type  5-W 
or  5-0  meters,  or,  lacking  danger  measurements,  an  estimate  as 
follows : 


20 


Light--burning  indexes  0-11,  mortality  among  seedlings  an 

saplings  one -third  or  less 
Moderate— burning  indexes  12-35,  mortality  one-third  to  or 

half  I 

Severe --"burning  indexes  i^O-100,  mortality  over  one-half 


I 


s  ai 
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Table  1 
Table  2 
Table  3 
Table  h 
Table  5 
Table  6 
Table  7 


FIRE  DAMAGE  TABLES 

Pine-hardwood  type,  natural  stands,  fire  danger  measured. 

Pine -hardwood  type,  natural  stands,  fire  danger  estimated. 

Pine  type,  natioral  stands,  fire  danger  measured. 

Pine  type,  planted  stands,  fire  danger  measured. 

Pine  type,  planted  and  natural  stands,  fire  danger  estimated. 

Hardwood  type,  natural  stands,  fire  danger  measured. 

Hardwood  type,  natural  stands,  fire  danger  estimated. 
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Table  1. --Forest  fire  damage  per  acre,  pine-hardvood  type,  natural  stands 

SATISFACTORY  DENSITY 


Dollar 

damage 

per 

acre 


Sunnner 


Size  class  DBH  (inches) 


0-2.0   2.1-4.0  i+. 1-10.0   10.1+ 


Winter 


Size  class  DBH  (inches) 


0-2.0   2.1-1+.0  i+. 1-10.0  10.1 


Burning  Index 


Burning  Index 

1 


1-3 


2-k 


3-4 


h-9 


5-10 


5-10 


3-4 


10-75 


11-16 


11-20 


10 


11 


12 


13 


14 


15 


4-5 


5-10 


80-100 


17-20 


25-50 


11-20 


4-6 


25-30 


55-100 


7-8 


25-40 


9-10 


45-75 


4-10 


11-13 


80-100 


11-100 


14-17 


20-25 


30 


35-45 


50-100 


7-9 


35-40 


10-16 


45-50 


17-40 


55-65 


45-100 


70-80 


85-95 


100 


UNSATISFACTORY  DENSITY 


1 

1-2 

1-2 

2 

1-3 

1-4 

1-4 

1-15 

3-20 

3-20 

3 

4-100 

5-12 

5-35 

16-100 

25-60 

25-100 

■  4 

13-25 

40-100 

65-100 

5 

40-100 
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Table  2. — Forest  fire  damage  per  acre,  pine-haxdvood  type,  natural  stands 

SATISFACTORY  DENSITY 


tlmated 

fire 

tensity 


Summer 


Winter 


Size  class  DBH  (inches) 


Size  class  DBH  (inches) 


0-2.0  2.1-if.O  i^. 1-10.0   10.1+   0-2.0  2.1-it.O  4.1-10.0   10.1+ 


vere 


Dollar  damage  per  acre 


10 


11 


11 


12 


15 


Dollar  damage  per  acre 


7 

10 
11 


k 

6 

10 


UNSATISFACTORY  DENSITY 


Isht 

ierate 

irere 


3  3 

3  h 

3     '  5 


2k. 


Table  3« — Forest  fire  (Vunage  per  aere^  pine  type,  natural  stands 


SATISFACTORY  DENSITY 


Dollar 

Slimmer 

Winter 

1 

damage 
per 

Size  Class  DBH  (inches) 

Size  Class  DBH  (inches) 

acre 

0-2.0   2.1-i^.O 

4.1-10.0  10.1+ 

0-2.0   2.1-4.0  4.1-10.0  !  10. 

1                  1 

1 

Burnin 

g  Index 

Burnin 

g  Index 

1 

1 

2 

1-2 

2-4 

2- 

3 

1-2 

1-2 

1-3 

1 

3-10 

5-13 

4- 

k 

3-4 

3-8 

4-9 

2 

11-20 

14-35 

16- 

5 

k-6 

9-25 

10-75 

3-5 

25-35 

40-100 

45- 

6 

1 

7-9 

30-80 

80-100 

6-10 

40-50 

7 

2-k 

10-13 

85-100 

11-20 

55-65 

8 

5-12 

11^-17 

25-55 

70-80 

ll 

9 

13-35 

20 

60-100 

85-95 

10 

Uo-ioo 

25-30 

100 

" 

11 

35-40 

12 

45-50 

13 

55-60 

1 

- 

Ik 

65-75 

• 

- 

15 

80-100 

- 

UNSATISFACTORY  DENSITY                      1 

1 

1 

1-2 

1-6 

1-5 

2 

1-50 

2-9 

1-25 

3-100 

7-50 

6-100 

3 

55-100 

10-25 

30-100 

55-100 

k 

30-65 

5 

70-100 

I 

Table  ij. --Forest  fire  damage  per  acre,  pine  type,  planted  stands 
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SATISFACTORY  DENSITY 


Dollar 

Summer 

Winter 

damage 
per 

Size  class  DBH   (inches) 

Size   class  DBH   (inches) 

acre 

0-2.0 

_2.1-l+.0 

i+. 1-10.0 

10.1+ 

0-2.0 

2.I-I+.0 

1+. 1-10.0 

10.1+ 

1 

Burnin, 

g  Index 

Burning 

J  Index 

1 

1 

2 

1 

2 

2-3 

3 

1 

1-3 

2-k 

3-1+ 

1+-15 

k 

1 

2 

k.9 

5-9 

5-11 

16-1+0 

5 

2-3 

3-5 

10-75 

10-16 

12-25 

1+5-100 

6 

1+ 

6-10 

80-100 

1 

17-20 

30-50 

7 

5-6 

11-20 

2 

25-30 

55-95 

8 

7 

25-^5 

3 

35 

100 

9 

8-9 

50-95 

^-5 

l(-0-if-5 

10 

1 

10-11 

100 

6-8 

50-55 

11 

2 

12-13 

9-12 

60-65 

12 

3-h 

II+-I5 

13-25 

70-75 

13 

5-9 

16-17 

30-50 

80-85 

11+ 

10-20 

20 

55-100 

90-100 

15 

25-70 

25 

16 

75-100 

30 

17 

35 

18 

^0 

19 

h5 

20 

50-55 

21 

60-70 

22 

75-85 

23 

90-100 

UNSATISFACTORY  DENSITY 


1 

1 

1-2 

2 

1-1+ 

1-5 

1-1+ 

2-17 

3-20 

3 

1-6 

5-10 

6-35 

5-20 

20-1+5 

25-100 

1+ 

7-100 

11-17 

1+0-100 

25-100 

50-85 

5 

20-35 

90-100 

6 

1+0-55 

7 

60-100 

26 
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Table   5« — Forest  fire  damage  per  acre,  pine  type 
NATURAL       STANDS 


SATISFACTORY  DENSITY 


Estimated 

fire 
intensity- 


Summer 


Size  class  DBH  (inches) 


0-2.0  j  2.1-4.0  1+. 1-10.0   10.1+ 


Winter 


Size  class  DBH  (inches) 


0-2,0 


2.1-J+.0 


Ij-. 1-10.0   10. Oi 


Light 

Moderate 

Severe 


Dollar  damage  per  acre 


Dollar  damage  per  acre 


8 

9 
10 


5 
9 

ll^ 


UNSATISFACTORY  DENSITY 


Light 

Moderate 

Severe 


PLANTED       STANDS 


SATISFACTORY  DENSITY 

Light 

13 

7 

5 

^ 

9 

k 

k 

Moderate 

11^ 

Ik 

7 

5 

12 

6 

5 

Severe 

15 

21 

9 

5 

11^ 

11 

7 

UNSATISFACTORY  DENSITY                         J 

Light 

3 

3 

2 

3 

2 

2 

Moderate 

k 

5 

3 

3 

3 

2 

Severe 

k 

7 

k 

k 

k 

3 

■1 

(_Revi3ed  Feb.  l')).i) 
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Table  6.--Foi:'est  fire  damage  per  acre,  haruwxjd  type,  natural  stands 


GATISFACCOi^Y  DENSirY 


DollLM- 

'-* 

ujiimer 

V.'intei- 

per 

.ICl'C 

Size   class 

DBH   (Inches) 

dize   clas3   DBH   (inches) 

u- 

l-.O        ^.1-4.0 

^.1-10.0      10.1+ 

-0-2.0     2.1-4.0 

It. 1-10.0 

10.  x+ 

Burning 

Index 

Burning 

Index 

1 

1 

1 

1-14 

1 

2-_,0 

2-k 

15-30 

'1 

■1 

35-100 

1-9 

5-7 
3-12 

8^-100 

^ 

1-G 

1-^ 

l-l!^        10-20 

1,-17 

G 

1 

1- 

■100       9-6':, 
70-100 

5-12 
lJ-'^5 

15-100      25-100 

2U-25 
3O-I+O 

p 

30-50 

ii5-90 

9 

55-100 

95-100 

WiSATISFACTQ-^Y  DENSITY 


1 

1-100 

1-100 

1-7 

1-U 

2 

1-100 

1-5 

8-100 

5-20 

J 

6-30 

25-85 

4 

35-100 

90-100 

:;oLe:   These  revised  hardwood  tables  are  based  on  pulpwiod  yield  rather  than 

sawtimber  yield  as  in  tables  6  and  7.  Station  Paper  No.  11,  September  1951, 
pager.  27  and  28.   SIZE  CLASS  and  DENSITY  for  revised  hardwood  tables  are 
the  same  as  for  pine  and  pine  hardwood  types,  see  pages  l3  and  19,  Station 
Papci-  No.  11. 


(.'eviRed  Feb.    19 


jle   Y.--Forcsc   fli-c    arjnoce   pt-r   .mck;.    har'dw'ou    oypc.    nat.u.T'l   st:ind£ 


SATIEFAC  iVHY  Dl-JKCITY 


EstiiiV'tiii 

fi.  c 
inleucity 


ii:c    c].-.3:j   UBJI   (Inchen) 


u-;".U     ?.l-'i. 


1-lJ.U        lw.l+ 


■ir.e   ol,-is:-'   DBH    (la^-hes) 


0-2.0      2.1 --1.0 


.1-1-^0     ]0.1+ 


i.i,-:hc 


M 'u  -i-;;.tc 


r.  e  vci'c,' 


DjI]..-    d:i.-i;i^e   p'. 


D^llci'  dsr;iti£e   per   acn 


Li.  ht 


UliRA  nCFAC  i?0,  iY  r)Er!,?.irY 


[■.  ^aoi"' ui: 


(Revised  Feb.  I'^yi) 


Table  b. --Forest   fire  damage  per  acre .  h'iruw-iod  type,  natural  stanas 


SATISFACTORY  DENSITY 


Collar 

S 

LUTimer 

VJ  inter 

arjna'"'e 

per 

Si7e   ,j1osp 

DBH    (In.he?) 

Size   class   DBH   (inches) 

0-1 

0      ^M-4.0 

ir.  1-10.0      10.1  + 

-0-2.0     2. 1-4.0 

'(.1-10.0      10.  i+ 

Burning 

Inde;: 

Burning 

Index 

1 

1 

1                 1-lit 

Z 

2-:;0 

2-!)-             15-30 

.i 

35-100 

5-7            8^-100 

•1- 

1-9 

8-12 

b 

l-G 

1-!| 

l-l!^        10-20 

1.-17 

6 

1-1 

JO       9-6-' 

5-12 

15-100     J5-100 

20-25 

1 

70-100 

l.;:-25 

jO-i+O 

8 

30-50 

I15-9O 

9 

55-luo 

95-100 

OTJSATISFACTO^Y  DENSITY 


1 

1-100 

1-100 

1-7 

\-h 

2 

1-100 

1-5 

8-100 

5-20 

J 

6-30 

25-05 

4 

35-100 

90-100 

r;oLe:   These  revised  hardwood  tables  are  based  on  pulpwood  yield  rather  than 

r-awtimber  yield  as  in  tables  6  and  7.  Station  Paper  No.  11,  September  1951. 
na/;er.  27  and  28.   SIZE  CLASS  and  DENSITY  for  revised  hardwood  tables  are 
the  same  as  for  pine  and  pine  hardwood  types,  see  pages  I8  and  19,  Station 
Papci-  No.  11. 


(I'.evised  Feb.    !;• 


riijle  'I .  --Forcsi.  fire    drunoce   per   acic.    hardwoou    type,    natu-'nl   stCiOuE 


SATIEFACl'CKY  DiCKGITY 


fi:  C 
inleaclty 


<.;izG   c]^Gs  DBH   (In^hec) 


0-r.o    ?.i-'i.o 


.l-lJ.O        lu.l+ 


•i-e   olasF  DBH   ( Inches ^ 


'0-2  .0      2 . 1  - -I  .  0 


.'i.]-lo.O      10.1+ 


I.i,.;ht 


M  d  *i';.tc 


r  eve  ;■' 


DjI].;..    d.-vi<'i--;e  V'-y   '"'■-■1 


D^llai-   dariioge   per   acre 


6  6 


Li,  ht 


K^der-'-tc 


UKSATICFAC  POriY  nEN^ITY 
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Table  6. — Forest  fire  damage  per  acre,  hardwood  type,  natural  stajids 

SATISFACTORY  DENSITY 


bllar 
amage 
per 
acre 


Summer 


Size  class  DBH  (inches) 


0-12.0 


12.1  plus 


Winter 


Size  class  DBH  (inches) 


0-12.0 


12.1  plus 


Burning  Index 


1-2 

3-il 
12-65 
70-100 


2-30 
35-100 


Burning  Index 


1-2 


3-8 


9-1^-0 


45-100 


1-14 


15-80 


85-100 


UNSATISFACTORY  DENSITY 


1-100 


1-100 
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Table  7- --Forest  fire  damage  per  acre,  hardwood  type,  natural  stand's 


SATISFACTORY  DENSITY 


Estimated 

fire 
intensity 


Summer 


Size  class  DBH  (inches) 


0-12.0 


12.1  plus 


Winter 


Size  class  DBH  (inches) 


Light 


Moderate 


Severe 


Dollar  damage  per  acre 


UNSATISFACTORY  DENSITY 


Light 


Moderate 


Severe 
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A  TECHNIQUE  FOR  HAND  PLANTING 
OF  FOREST  TREES  IN  THE  SOUTHERN  APPALACHIANS 

by 

W.  G-  Wahlenberg,  Silvlculturist 


U.  S.  Department  of  Agriculture 
Forest  Service 

Southeastern  Forest  Experiment  Station 
Asheville,  North  Carolina 


FOREWORD 


This  paper  is  not  presenting  a  new  idea.   In- 
stead, it  explains  the  use  of  a  planting  tool  and 
method,  developed  originally  in  Region  1  of  the 
U.S.F.S.,  which  seems  worthy  of  more  widespread  use 
in  other  Regions;  especially  where  planting  sites 
are  located  in  mountainous  or  hilly  terrain. 

The  author  acquired  a  working  acquaintance  wi1 
the  tool  during  a  six -and -one -half -year  sojourn  in 
Region  1,  and  suggested  that  it  "be  given  a  trial  ii 
the  course  of  planting  on  the  Bent  Creek  Experi- 
mental Forest,  near  Asheville,  N.  C. 

The  tool  and  its  accessory  (a  waterproof  canve 
tree-carrying  "bag)  was  accepted  enthusiastically  "bj 
the  planting  crew,  and  has  worked  out  so  well  that 
we  "believe  others  will  be  interested  in  its  adoptic 


James  F.  Renshaw,  Leader 
Southern  Appalachian  Research  Centel 


The  Region  1  planting  hoe  and  tree  bag 


DO 


Grasp  end  of  han- 
dle with  right  hand, 
raise  hoe  over  head, 
and  throw  into  the 
ground.   Repeat  once 
or  twice  more  if 
necessary  to  locate 
favorable  spot  of 
soil. 


Ml%llllg"i;i=ii:^ 


^Sty^i^c*,  .;^ 


—  i..CNS-^_ 


Lift  handle  15  to 
^5  degrees.   (One 
hand  is  usually- 
sufficient.  ) 


Forcibly  draw  the 
handle  horizontally 
two  inches  toward 
you.   (a  series  of 
jerks  with  both 
hands  may  be  neces- 
sary. ) 


Extract  seedling  from  bag  on  left  hip  and 
with  thumb  and  finger  of  left  hand  grasp 
the  stem. 


REASON 

To  bury  the  blade  vertically  to  the  hilt,  pro- 
viding a  slit  of  adequate  depth. 


To  open  the  bottom  of  the  slit  and  to  loosen 
the  soil  mass  in  front  of  it. 


To  widen  the  slit  into  a  square  vertical  hole, 
eight  inches  deep,  and  clear  of  obstructions. 


To  leave  right  hand  free  to  use  the  hoe, 


DO 


Lower  dangling  roots 
into  the  hole  and 
slightly  below  nor- 
mal position. 


6.   Raise  the  seedling  to  a  position  nearly  the 
same  as  it  had  in  the  nursery,  retaining 
hold  until  hole  can  be  closed. 


8. 


9. 


Jam  the  hole  fully 
shut  with  two  or  more 
sharp  blows  on  the 
loosened  soil  with 
toe  of  the  hoe  aimed 
at  the  bottom  of  the 
hole. 


Tamp  surface  twice 
with  heel  of  the 
hoe. 


If  left  hand  was  not  needed  in  step  2  or  3j 
use  it  now  to  extract  the  next  seedling  whi 
selecting  and  approaching  the  spot  in  which 
to  plant  it. 


REASON 


To  get  natural  full-depth  setting  for  all 
rootlets. 


To  fix  the  final  position  of  roots  properly 
deployed  on  back  wall  of  the  hole. 


[.   To  achieve  the  essential  full-length  firm 
contact  with  moist  mineral  soil  for  all  roots 


To  pack  the  upper  part. 


To  save  time  through  the  displacement  of  step 
k.      (This  may  be  inadvisable  on  a  bright  windy 
day  as  the  exposed  roots  dry  somewhat  during 
steps  1  to  3  incl. ) 


DON'T 

Don't  use  both  hands  to  throw  the  hoe  and  don't 
attempt  to  retain  hold  of  the  handle. 

Don't  push  down  on  the  handle. 


Don't  wiggle  the  handle  up  and  down;  it  is  lost 
motion. 


Don't  unnecessarily  expose  the  roots  to  drying  by 
sun  and  wind. 


Don't  set  them  too  deeply;  don't  bury  any  foliage. 


Don't  permit  excessive  distortion  of  root  system. 
Avoid  U  or  L-bends  at  the  bottom  and  exposed  root 
at  the  top. 


^ 


Don't  tolerate  excessive  rocks,  leaves,  debris,  oj: 
air  space  around  planted  roots.   Scalp  a  badly 
littered  surface  before  planting. 


REASON 


ty 


[t  is  jarring  and  useless. 


[t  injures  the  vertical  back  wall  of  the  hole, 


t  makes  a  hole  of  the  wrong  shape,  too  wide  at 
)oth  top  and  'bottom.   These  K-holes  are  narrow 
it  half  depth  and  interfere  with  step  5- 


]t  might  decrease  survival, 


'hey  may  be  handicapped  by  being  partly  covered 
y  shifting  soil  or  litter. 


'OOti 


his  may  lead  to  fungus  trouble  some  years  later 
ind  possibly  loss  of  saplings  or  poles  in  windfall. 


3,  oirash  and  air  space  interfere  with  the  absorption 
y  f  moisture  and  nutrients  at  the  critical  stage 
jhen  the  shock  of  planting  must  be  overcome. 


FURTHER  COMMENT 
(on  above  listed  "do"  steps) 


1.  The  planting  hoe  is  designed  as  a  one-hand  tool 
The  best  grip  is  at  the  end  of  the  handle  where 
maximum  leverage  is  available. 

2.  Rock  or  root  interference  frequently  necessi- 
tates a  vigorous  upward  pull  varying  with  the 
degree  of  obstruction. 

3.  If  throwing  has  failed  to  bury  the  whole  blade 
the  planter  may  lean  heavily  on  the  heel  of  th( 
hoe  with  his  left  hand,  while  wiggling  the  han 
die  sideways  to  gain  penetration.  This  added 
motion  is  not  for  loose  soil,  but  may  be  expe- 
dient in  stiff  or  root-bound  soil. 

k.      If  both  hands  are  needed  in  steps  2  or  3  (or 
the  auxiliary  maneuver  above)  then  disregard 
step  9}   because  it  would  mean  laying  the  seed- 
ling down  and  retrieving  it  for  step  k.      Step 
9  is  an  appropriate  substitute  for  step  k   only 
in  good  going  where  everything  "clicks."  Then 
the  hoe  is  wielded  exclusively  by  the  right 
hand  and  the  seedlings  by  the  left  one. 

5  and  6.  Where  the  ends  of  roots,  torn  by  the  hoe 
project  into  the  hole  the  seedling  rootlets 
tend  to  be  hung  up.  A  trick  of  the  trade  is 
available  to  circT;mivent  this  difficulty. 
Twirl  the  stem  a  couple  of  revolutions  betweer 
thumb  and  finger  in  step  5  "to  twist  the  root 
system  into  a  narrow  coliain.   Then  in  step  6 
reverse  the  twirl  an  equal  amount  to  unwind  t] 
roots  into  normal  position. 


10 


The  complete  elimination  of  all  air  pockets 
next  to  the  roots,  always  desirable,  is 
imperative  only  where  soil  may  get  too  dry 
1   the  first  year. 

This  step  is  a  good  but  non-essential  habit. 
It  may  be  replaced  by  stepping  close  to  the 
planted  seedling  while  advancing  to  the  next 
one. 


niy 


weeD 

ot 

6 

idtt: 


Keep  about  an  inch  of  water  in  bottom  of  the 
seedling  bag  to  wet  the  burlap  against  which 
the  roots  normally  rest.   (A  waterproof  bag 
big  enough  for  200  seedlings  is  preferred  over 
other  types  of  containers.) 


Inspection 


he  most  vigilant  observer  cannot  hope  to  detect 
11  poor  planting.   In  fact,  owing  to  darkness  in 
18  bottom  half  of  many  planting  holes,  even  the 
Lanter  himself  cannot  be  certain  of  the  quality 
E"  his  work.   Hence,  all  planting  foremen  should 
requently  excavate  seedlings  to  check  root  posi- 
Lon  and  the  nature  of  soil  contact  achieved. 
lis  is  best  done  by  first  shearing  away  soil  in 
vertical  plane  close  to  the  roots,  and  then  with 
1  ice  pick  (or  sharp  stick)  remove  soil  bit  by 
Lt,  to  reveal  the  position  and  soil  contact  of 
ich  rootlet  planted.   After  resetting  the  plant 
5  may  wish  to  check  his  own  planting  in  like 
inner. 


12 


EQUIPMENT 

i'urther  information  concerning  the  planting  hoe  and 
pree  bag  may  be  obtained  from  the  Southeastern  For- 
';st  Experiment  Station,  Box  252,  Asheville,  N.  C. 

L  similar  tool  is  manufactured  by  the  Council  Tool 
lompany  of  Wananish,  N.  C,  and  may  be  used  as 
jlescribed  herein  by  cutting  the  handle  back  to  l8 
nches  in  length. 
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FOREST  RESEARCH  IN  THE  SOUTHEAST-^ 


by  E.  L.  DeiMion,  Director 
Southeastern  Forest  Experiment  Station 
Asheville,  N.  C. 


INTRODUCTION 


As  most  of  you  probably  know,  the  salient  fact  for  foresters  or 
other  natural  scientists  in  the  Southeast  is  the  division  of  the  region 
into  three  distinct  provinces.   They  are:   the  Blue  Ridge  and  Great 
Smoky  Mountains  comprising  the  south  end  of  the  Apf)alachian  range;  the 
Piedmont,  which  rolls  away  for  about  a  hundred  miles  at  the  foot  of  the 
mountains;  and  last,  the  sandy,  level  coastal  plain,  wet  and  laced  with 
tidal  streams.   These  three  provinces  have  different  climates,  different 
soils,  different  tree  species,  and  even  rather  different  people.   The 
Piedmont  is  the  place  where  King  Cotton  used  to  rule.   But  he  has  bowed 
out,  and  the  gullied  fields,  by  the  millions  of  acres,  are  being  handed 
over  to  the  forester,  who  always  gets  the  leavings,  doesn't  he?   The 
Coastal  plain  boasts  the  fastest  pine  growth  of  any  region  in  the  country; 
with  long  growing  seasons  and  plenty  of  ram,  the  crescent-shaped  pine 
belt  extending  from  Virginia  to  East  Texas  is  the  great  reservoir  of  raw 
material  for  the  southern  pulp  and  paper  industry.   As  for  the  mountain 
region,  it  is  the  former  home  of  what  were  perhaps  the  finest  hardwood 
forests  in  the  world- -now  severely  high-graded  and  producing  but  a 
fraction  of  the  oak,  yellow-poplar,  basswood,  ash,  walnut,  maple,  birch, 
cherry,  and  white  pine  that  would  be  possible  under  good  management.   The 
mountain,  too,  is  the  great  water  storage  reservoir  for  cities  and 
industries  that  may  be  hundreds  of  miles  away. 

The  five  Southeastern  states  from  Virginia  to  Florida  contain  a 
very  sizeable  part  of  the  Nation's  forest  wealth.   Commercial  forests  of 
the  Southeast  (covering  86  million  acres,  or  58  percent  of  the  total  land 
area  of  1^+9  million  acres)  represent  20  percent  of  the  total  for  the 
United  States.   Its  forest  industries  include  between  12,000  and  13,000 
sawmills,  30  pulp  mills  (with  5  additional  ones  under  construction),  and 
more  than  a  thousand  units  of  secondary  forest  industries. 

To  serve  this  varied  region,  the  Forest  Service  has  for  30  years 
maintained  a  research  headquarters  at  Asheville,  N.  C,   This  is  the  South- 
eastern Forest  Experiment  Station.   Its  field  studies  are  concentrated  at 
eight  research  centers  located  in  various  parts  of  its  territory.   These 
centers  were  selected  as  typical  of  the  forest  conditions  in  a  section,  so 
that  the  results  of  field  studies  will  be  applicable  to  wide  areas  or 
broad  forest  types. 


1/  Paper  presented  at  the  29th  Annual  Meeting  of  the  Association  of 
State  Foresters,  Charleston,  S.  C,  October  3j  1951- 


The  Station  is  set  up  to  serve  the  t-imberiand  owners  of  the 
Southeast.   Its  customers  include  the  national  forests  (5  percent  of 
the  commercial  forest  land  ownership);  state  and  other  public  forests 
(3  percent);  and  the  private  landowners  (92  percent),  of  which  farmers 
own  hk   percent  and  other  private  owners  kQ   percent  of  the  total.   The 
lumber  industry  still  continues  to  be  the  principal  user  of  the  south- 
eastern forests  (accounting  for  about  5O  percent  of  the  total  drain  on 
the  forest),  but  the  pulp  and  paper  industry  has  expanded  greatly  in 
recent  years,  now  owning  about  7  million  acres  of  forest  land  and  using 
at  least  20  percent  of  all  the  wood  harvested  in  this  region  each  year. 

Much  of  the  Station's  program  is  carried  out  in  cooperation 
with  state  forestry  departments,  with  schools  of  forestry,  and  with  the 
forest  industries.   Its  program  at  the  various  centers  is  reviewed 
periodically  by  local  Advisory  councils  representative  of  local  forest 
landowners  and  forest  users.   The  results  of  Station  studies  appear  in 
numerous  station  papers,  technical  notes,  annual  reports,  Government 
bulletins,  and  in  professional  and  trade  journal  articles.   Its  experi- 
mental forests  serve  as  demonstration  areas  to  illustrate  various  types 
of  forest  and  range  management.   The  Station  also  works  closely  with 
forest  pathologists,  entomologists,  and  biologists  from  other  bureaus. 

In  this  short  discussion,  it  will  not  be  possible  to  report  on 
all  of  the  Station's  many  activities.   I  will  attempt,  however,  to  give 
a  few  examples  of  how  research  is  helping  point  the  way  towards  better 
forest  management  and  better  land  use  in  the  Southeast. 


FOREST  MANAGEMENT 

The  largest  share  of  the  Station's  work  is  forest  management 
research.   In  this  field,  the  major  single  project  is  a  long-time 
research  comparison  of  the  forest  management  systems  which  may  be  appli- 
cable to  each  major  forest  type.   On  each  of  six  different  experimental 
forests  m  various  parts  of  the  region,  this  project  includes  a  great 
many  40-acre  compartments  on  which  are  applied  different  silvicultural 
systems,  usually  comparing  two  rotations,  and  two  intensities  of  forest 
management:   (l)  for  small-sized  products  such  as  pulpwood  and  (2)  large- 
sized  products  such  as  veneer  logs  and  sawlogs.   In  addition  to  the  long- 
time purposes  for  which  they  were  set  up,  these  compartments  are  invaluable 
in  providing  conditions  for  detailed  studies  of  individual  silvicultural  ^ 
problems . 

Following  are  several  examples  of  Station  findings  in  the  forest 
management  field  during  the  past  few  years; 

New  Methods  of  Naval  Stores  Gum  Production 

One  of  the  most  concrete  examples  of  the  contributions  of  forest 
research  m  the  Southeast  comes  from  the  Lake  City,  Florida,  Branch  where 
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new  techniques  for  giom  naval  stores  (turpentine  and  rosin)  production 
have  been  developed.   When  I  first  came  to  the  South  in  1925?  naval 
stores  gum  production  was  a  relatively  crude  and  wasteful  process  that 
left  millions  of  small  worked-out  trees  each  year  to  "burn  or  blow  over 
before  they  reached  saw-log  size.   Deep  chipping  of  second-growth  trees 
yielded  a  meager  return  to  the  gum  producer  for  the  amount  of  labor 
required.   Due  to  research  and  to  the  changing  times,  naval  stores 
practices  have  radically  changed  during  the  last  25  years.   The  Station 
has  found  that  nearly  half  of  the  chipping  labor  can  be  saved  with  no 
loss  in  gum  yield  by  spraying  sulfuric  acid  on  the  fresh  cut  to  prolong 
the  flow  of  gum.   Here  is  an  instance  where  the  Russians  apparently  can 
make  a  bona  fide  claim  to  an  initial  basic  discovery^  but  the  perfection 
of  the  technique  and  its  application  to  United  States  conditions  was 
worked  out  at  Lake  City,  Florida.   It  is  estimated  that  this  one  research 
development  will  save  the  naval  stores  industry  about  a  million  dollars 
in  1951  when  applied  to  about  one-fourth  of  the  producing  trees.   If  it 
were  used  throughout  the  industry,  it  would  save  a  million  man  days  of 
labor  each  year.   This  is  all  the  more  important  when  it  is  realized 
that  during  past  emergencies,  naval  stores  production  has  dropped  below 
industrial  needs  through  labor  moving  to  better  paying  industries. 

During  the  research  on  acid  treatment,  it  was  found  that  chipping 
into  the  wood  was  unnecessary  if  acid  was  applied.   The  Station  developed 
a  new  type  of  chipping  tool  which  removes  only  a  strip  of  bark^  and  leaves 
the  bole  of  the  tree  round.   If  these  round  butts  are  freed  of  nails  and 
harvested  promptly,  they  are  practically  as  good  as  the  butts  of  untapped 
trees  for  pulp  and  other  wood  products. 

Paralleling  research  on  turpentining  methods,  the  Station  is 
cooperating  with  the  University  of  Florida  m  the  development  of  new  equip- 
ment for  gum  production.   Station  personnel  invented  a  remarkably  simple 
and  effective  acid  sprayer  resembling  the  soft  plastic  sprayers  now  used 
for  perfume  and  other  products.   This  squeeze  sprayer  has  also  been  built 
into  a  combination  chipping  and  spraying  tool. 

The  natural  rubber  industry,  in  which  I  worked  for  a  number  of 
years,  has  made  great  technological  strides  through  the  application  of 
genetics  in  developing  high-yielding  strains  of  Hevea  rubber  trees.   We 
can  use  this  as  an  example  of  what  might  be  done  for  the  naval  stores 
industry.  A   small-scale  start  has  already  been  made  in  developing  high- 
yieldmg  strains  of  longleaf  and  slash  pines.   We  now  have  at  Lake  City 
cross-bred  seedlings  six  years  old  and  rooted  cuttings  over  20  feet  tall, 
grown  from  selected  parent  slash  pines  that  yielded  twice  as  much  gum  as 
average  trees  of  the  same  size.   Interest  in  the  whole  field  of  the 
genetic  improvement  of  southern  pines  is  awakening,  and  a  regional  committee 
on  Southern  Forest  Tree  Improvement  has  been  set  up.   Though  forest  plant- 
ing now  exceeds  two  hundred  million  seedlings  a  year  in  the  South,  we 
know  all  too  little  about  the  importance  of  seed  source,  and  much  less 
about  selection  and  breeding  of  superior  strains. 
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Chemical  Control  of  Hardwoods 

There  is  perhaps  no  more  important  forestry  problem  in  the  South- 
east than  that  created  by  the  rapid  encroachment  of  hardwoods  into  the 
valuable  loblolly  pine  stands  of  the  Piedmont  and  Coastal  Plain.   In 
South  Carolina,  for  example,  the  forest  survey  found  that  the  hardwood 
area  increased  by  59  percent  between  193^  and  19^6.   The  major  research 
job  here  is  to  develop  economical  ways  for  controlling  inferior  hard- 
woods on  pine  sites. 

The  Station's  studies  of  this  problem  have  been  centralized  at 
our  Central  Coastal  Plain  research  center  at  Charleston,  S.  C.   After 
testing  numerous  chemicals,  concentrations,  and  dosages  on  different  tree 
species  by  different  methods  and  at  various  seasons  of  the  year,  our  men 
have  worked  out  several  practical  poisoning  techniques.   A  new  Station 
publication  just  off  the  press  summarizes  this  information  in  convenient 
form  for  the  forest  landowners  of  this  region  ("The  Use  of  Chemicals  to 
Control  Inferior  Trees  in  the  Management  of  Loblolly  Pine,"  by  L.  E. 
Chaiken,  Station  Paper  No.  10,  September  1951)-   Undoubtedly,  these  find- 
ings are  also  applicable  in  many  localities  outside  this  region. 

Our  branch  at  Charleston  is  also  working  on  the  role  of  prescribed 
fire  for  the  control  of  hardwoods.   Eventually,  increased  utilization  of 
these  poorer  quality  or  slower  growing  hardwoods  will  help  ease  this 
problem,  but  in  the  meantime,  timber  growers  can  benefit  from  hardwood 
contro 1  meas  ure  s . 

Methods  for  Reproducing  Loblolly  Pine 

Nature  had  a  much  easier  job  of  seeding  in  good  stands  of  loblolly 
pine  on  old  fields  than  we  have  now  m  reproducing  these  same  stands.   One 
of  the  difficulties  of  obtaining  full  restocking  to  pine  is  the  competition 
of  small  hardwoods,  but  another  is  shortage  of  pine  seed,  particularly  when 
stands  are  cut  on  short  rotations.   Some  research  has  been  done  on  this 
problem  at  Duke  University  and  at  the  Station's  research  center  at  Franklin, 
Va.,  where  there  are  many  well-stocked  loblolly  pine  stands  ready  to  harvest. 
Station  studies  have  shown  that  from  20  to  37  thousand  pine  seeds  per  acre 
from  a  single  seed  crop  are  required  to  insure  adequate  restocking  where  the 
seedbed  is  favorable.   The  average  number  of  seeds  needed  to  produce  one 
established  seedling  varies  from  83  on  a  slash-covered  seedbed  to  7  on 
exposed  mineral  soil.   Seed  dispersal  is  effective  to  a  distance  equal  to 
about  twice  the  height  of  the  seed  trees.   Also,  it  has  been  found  that 
pre-harvest  release  of  seed  trees  to  a  distance  about  equal  to  the  crown 
diameter  stimulates  seed  production.   In  the  third  year  following  such 
release,  loblolly  pines  usually  produce  several  times  more  seed  than 
similar  unreleased  trees. 

A  method  has  been  worked  out  for  predicting  loblolly  pine  seed  crops 
six  months  to  a  year  in  advance.   From  information  on  the  size  of  the  current 
year's  seed  crop,  and  the  ratio  of  number  of  cones  in  the  current  crop  to 
next  year's  crop,  a  good  approximation  of  the  size  of  the  next  seed  crop  can 
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"be  computed.   This  type  of  information  is  particularly  valuable  in 
planning  for  seed  collection  and  for  regeneration  cuttings.   Also, 
it  is  extremely  important  to  harvest  mature  loblolly  in  a  good  seed 
year  and  get  prompt  regeneration  before  the  hardwood  understory 
takes  over. 

Farm  Woodland  Management 

The  biggest  opportunity  for  improving  forest  land  management 
in  the  Southeast  rests  with  the  3 A  million  small  landowners  (a  majority 
of  them  farmers)  who  own  two-thirds  of  all  the  commercial  forest  land. 
Much  of  the  Station's  forest  management  research  applies  to  farm  wood- 
lands m  one  way  or  another.   However,  the  farmer  works  under  a  unique 
set  of  conditions  with  respect  to  labor  supply,  equipment,  home -use 
requirements,  markets,  and  the  timing  of  his  income.   Experience  has 
shown  the  desirability  of  setting  up  on  our  research  areas  one  or  more 
test  woodlots  where  silvicultural  and  management  information  is  readily 
available  to  farmers  through  field-day  demonstrations  or  otherwise.   I 
know  that  all  of  you  must  have  seen  published  reports  on  the  income 
possibilities  shown  by  these  experimental  farm  forestry  woodlots. 


FIRE 


The  Southeast  still  has  a  long  way  to  go  in  securing  adequate 
fire  protection.   In  1950?  1^.8  million  acres  or  17  percent  of  its  entire 
forest  area  still  lacked  protection.   During  that  year  90^191  fires 
occurred,  burning  over  8-l/2  million  acres  of  forest  land.   It  is  recog- 
nized that  1950  was  a  relatively  severe  fire  year  for  the  Southeast,  due 
to  an  extended  dry  fire  season,  so  the  fire  record  was  worse  than  for  the 
previous  few  years.   One  percent  of  the  fires  were  started  by  lightning; 
the  balance  were  man-caused,  the  major  source  (^3  percent  of  total)  being 
incendiarism. 

Fire  statistics  for  calendar  year  195Q  o"- 
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There  are  two  main  projects  in  the  Station's  fire  research  program. 
The  first  concerns  developing  improved  methods  of  measuring  fire  danger  and 
applying  danger  measurements  to  fire  control  planning.   At  present  there 
are  more  than  500  fire  danger  stations  from  Maine  to  Texas  using  methods 
developed  by  the  Station. 

In  addition  to  the  day-to-day  use,  fire  danger  measurements  have 
been  found  valuable  in  long-range  fire  control  planning.   In  the  North- 
east, because  of  the  continuity  of  good  fire  records  furnished  by  the  States, 
it  has  been  possible  to  determine  trends  in  fire  occurrence.   A  strong 
relationship  has  been  found  between  number  of  fires  and  measured  fire  danger. 
On  the  basis  of  measured  danger,  we  can  now  predict  for  a  district,  state,  or 
region,  the  number  of  fires  likely  to  occur  during  this  month  or  this  year. 
By  studying  monthly  or  yearly  trends,  fire  control  officers  can  now  get  a 
reliable  comparison  between  one  year's  record  and  another  or  between 
districts . 

In  the  past  when  the  number  of  fires  decreased  below  previous  years, 
the  tendency  has  been  to  credit  the  reduction  to  greater  effectiveness  of 
the  fire  organization.   When  the  number  of  fires  increased,  the  tendency 
was  to  blame  it  on  the  weather.   What  research  has  done  is  to  take  out  some 
of  the  guesswork,  so  that  administrators  can  better  judge  the  effectiveness 
of  their  organizations. 

Another  use  of  fire  danger  measurements  is  through  adding  up  the 
daily  readings.   This  makes  it  possible  to  follow  closely  the  build-up  of 
danger  in  a  district  and  to  take  special  precautions,  such  as  closure,  when 
conditions  are  especially  threatening. 

The  second  main  fire  project  at  the  Station  is  the  study  of  fire 
behavior,  both  for  wild  fires  and  for  prescribed  burning.   Most  of  this 
■work  has  been  done  on  the  Francis  Marion  National  Forest,  near  Charleston, 
S.  C.   It  is  important  to  know  the  conditions  of  fuel  and  weather  when 
prescribed  burning  can  be  done  to  obtain  the  desired  effect. 

Fire  is  now  recognized  as  a  valuable  tool  in  the  management  of 
southern  pines.   It  can  be  used  for  the  control  of  brownspot  disease  in 
longleaf  pine  seedlings,  as  well  as  for  hazard  reduction,  seedbed  prepara- 
tion, reducing  hardwood  competition,  and  for  improving  forage  conditions 
and  wildlife  habitats.   When  properly  used,  fire  can  serve  all  of  these 
purposes  with  very  little  or  no  damage  to  the  stand.   However,  there  are 
cases  where  severe  damage  has  resulted  when  prescribed  fires  burned  with 
greater  intensity  than  was  intended.   We  still  do  not  know  nearly  as  much 
as  we  should  about  when  to  burn  and  how  to  burn. 

One  Station  study  has  revealed  that  in  grassy  fuels  headfires  are  . 
cooler  near  the  ground  than  backfires.  This  means  that  when  burning  for 
brownspot  control  of  longleaf  pine  seedlings,  for  example,  and  when  there 
is  little  chance  of  damaging  the  overstory,  headfires  will  do  less  harm  than 
backfires.   It  is,  of  course,  possible  to  burn  a  much  larger  area  with  a 
headfire  than  with  a  backfire  in  the  same  length  of  time,  which  means  lower 
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costs.   Also,  "because  there  may  be  but  few  good  burning  days  during 
the  season,  the  faster  the  prescribed  burning  can  be  done  the  better. 

Another  Station  finding  is  that  vegetation  temperature 
greatly  influences  the  effect  of  fire.   For  example,  on  a  cold  day 
when  the  temperature  is  around  ^0°  a  pine  tree  can  tolerate  a  fire 
2-I/2  times  as  intense  as  on  a  day  when  the  temperature  is  near  100°. 
This  is  of  practical  significance  m  prescribed  burning.   On  the 
Francis  Marion  National  Forest  undesirable  hardwoods  3  and  k   inches 
in  diameter  have  been  killed  with  summer  fires.   Conversely,  in  pine 
reproduction  stands,  less  damage  will  result  if  burning  is  done  on  a 
cold  day  in  winter. 

A  phase  of  our  fire  behavior  work  that  shows  great  promise  is 
the  study  of  erratic  fire  behavior.   Every  experienced  fire  fighter 
knows  that  at  times  fire  will  behave  in  a  way  that  cannot  be  explained 
on  the  basis  of  fuel  or  weather;  that  they  will  crown  and  spot  unpredict- 
ably.  Such  "blow-up"  fires  have  occurred  in  every  region  but  have  been 
particularly  severe  in  the  West. 

In  the  spring  of  1950,  in  the  Coastal  plain  region,  there  were 
a  few  days  when  fires  behaved  in  a  very  unusual  way.   Although  winds 
were  light  or  moderate,  fire  fighters  could  observe  no  reason  why  large 
whirlwinds  in  the  fires  sometimes  developed,  and  fires  crowned  and 
spotted.   Fire  research  technicians  suspected  that  atmospheric  phenomena 
might  account  for  this  behavior.   Radiosonde  records  (by  releasing 
balloons)  from  the  U.  S.  Weather  Bureau  in  Charleston  showed  that  on 
those  days  there  was  a  highly  unstable  layer  of  air  3OO  to  5OO  feet 
above  ground.   Although  undoubtedly  certain  combinations  of  fuel, 
stand  density,  and  size  of  fire  are  contributing  factors,  it  seems  likely 
that  the  explosive  qualities  of  these  1950  spring  fires  were  related  in 
some  way  to  rapid  changes  of  temperature  in  the  lower  1,000  feet  of  air. 
Perhaps  we  are  now  on  the  track  of  a  major  factor  causing  "blow-up"  fires. 
Perhaps  a  way  can  be  found  to  predict  days  of  high  atmospheric  turbulence. 
At  any  rate,  the  Station  plans  to  study  this  subject  as  intensively  as  we 
can  with  present  facilities.   Such  studies  can  well  be  carried  on  m  the 
Flatwoods  region  because  here  there  is  no  confounding  effect  of  topography. 


WATER 


Water  and  watershed  protection  were  the  major  reason  for  establish- 
ing national  forests  m  the  East- -as  the  Weeks  Law  makes  plain.   But  in 
those  early  years,  it  was  timber  that  paid  off  in  cold  cash  and  timber  that 
foresters  were  principally  concerned  with.   Now  the  pendulum  is  swinging 
again;  water  becomes  more  valuable  every  year,  and  there  are  times  and 
places  where  it  is  already  priceless.   The  rapid  expansion  of  industries 
and  municipalities  in  the  Southeast  is  bringing  a  realization  that  even 
here  there  is  a  limit  to  available  water  supplies.   Just  where  this  limit 
will  lie  depends  in  large  part  on  the  management  of  the  60  percent  of  the 


South-rast  that  is  forest  land,  for  the  forests  are  in  effect  huge 
deten"loL  reservoirs,  vaster  than  any  Grand  Coulee  that  man  has  ever 
made.   Foresters  are  beginning  to  have  it  impressed  upon  them  that 
water  ma;y  'be  the  most  valuable  product  of  the  mountain  forests.   Also, 
we  foresters  must  recognize  that  we  have  a  responsibility  for  the  pro- 
duct i'.^n  of  water  as  well  as  timber. 

The  Southeastern  Station  has  under  way  a  research  program  in 
water  resource  management  at  two  work  centers.   The  Coweeta  Hydro  logic 
Laboratory,  a  watershed  covering  Sj^OO  acres  in  the  high  rainfall  belt 
of  the  mountains  of  Western  North  Carolina,  is  one  of  these.   Here, 
since  1^33,  the  Station  has  been  working  out  ways  and  means  of  integrat- 
ing water  yields  with  uses  of  the  land  for  the  production  of  timber, 
forage,  fish  and  wildlife,  and  for  recreation.   For  example,  the  effect 
of  clearing  steep  forest  land  for  farming  has  been  measured  by  actually 
carrying  out  each  step  of  the  process  on  a  carefully  gaged  experimental 
watershed.   Similarly,  studies  are  being  made  of  the  effect  of  woodland 
grazing,  of  fire,  and  of  logging  on  water  quality  and  yield.   These 
studies  have  shown  that  any  damage  to  the  forest  soil  is  unfavorable  to 
good  watershed  management.   In  the  past,  foresters  have  usually  failed 
to  recognize  the  inconspicuous  early  stages  of  changes  in  soil  structure 
that  ultimately  result  in  severe  damage  to  the  water  resource. 

In  addition  to  the  land-use  approach,  the  Station  has  studied 
some  of  the  fundamental  effects  of  the  relation  of  trees  to  stream  flow. 
Such  basic  considerations  have  included  the  measurement  of  the  amount 
of  rain  intercepted  by  tree  crowns  and  evaporated  back  into  the  air. 
Few  realize  that  in  a  i]-0-inch  annual  rainfall  area,  only  about  32  inches 
actually  reach  the  forest  floor  during  the  year;  the  other  8  inches,  or 
20  percent,  is  caught  by  the  tree  canopies  and  evaporated.   The  tree 
roots,  therefore,  have  only  32  inches  of  rain  water  available  instead  of 
the  k-Q   inches  as  measured  in  the  open.   Measurements  are  also  made  of 
moisture  and  ground  water  stored  in  the  soil  at  different  seasons  of  the 
year,  and  their  rate  of  withdrawal  from  storage  through  transpiration 
and  as  runoff  in  streams. 

At  the  Calhoun  Experimental  Forest  m  the  Central  Piedmont  of 
South  Carolina,  the  objective  is  to  determine  the  place  of  forests  and 
forestry  practices  m  maintaining  or  restoring  soil  and  water  resources. 
Measurements  are  being  taken  of  soil  and  climatic  factors  to  better 
rebuild  worn-out  land  through  practical  forestry  measures.   We  have  already 
worked  out  some  of  the  effects  of  litter  from  different  forest  stands  in 
adding  nutrients  to  the  soil.   Hardwood  litter  adds  more  calcium  and  nitrogen 
to  the  soil  than  does  pure  pine  litter.   These  studies  have  also  indicated 
that  moisture  conditions  for  plant  growth  are  extremely  unfavorable  on  the 
depleted  and  abandoned  cotton  fields  now  constituting  the  principal  sources 
of  erosion  and  flood  in  the  Southeast. 

It  is  apparent  that  unfavorable  soil-water  relations  play  a  major 
role  in  the  occurrence  of  the  littleleaf  disease.   As  the  soil  structure 
improves  over  the  years  and  as  conditions  more  nearly  approach  those  of 


the  original  virgin  forest,  some  of  the  factors  predisposing  to  little- 
leaf  may  gradually  disappear. 

There  are  many  problems  related  to  water  control  and  managenEnt 
where  further  research  is  needed.   One  such  study  would  determine  the 
effect  of  the  height  of  the  water  table  on  tree  growth  in  the  Coastal 
Plain  and  Flatwoods  region.   It  is  possible  that  heavy  harvest  cuttings 
may  result  in  a  permanent  rise  of  the  water  table.   There  is  ample 
evidence  in  some  localities  that  sites  which  once  produced  good  saw-timber 
stands  have  changed  to  sedge  and  swampland.   Drainage  of  forest  land  is 
another  problem  that  needs  investigation.   Many  drainage  projects  are  now 
under  way,  but  what  effect  they  will  have  on  tree  growth  is  not  yet  known. 


FOREST  SURA/EY 


Since  19^6  the  Forest  Survey,  with  help  from  the  South  Carolina 
State  Commission  of  Forestry  and  the  Florida  Forest  Service,  has  completed 
the  second  survey  of  the  timber  resources  of  both  South  Carolina  and 
Florida.   A  similar  resurvey  is  now  under  way  in  Georgia,  and  it  is  planned 
to  start  work  soon  in  North  Carolina  in  cooperation  with  the  North  Carolina 
Department  of  Conservation  and  Development. 

These  resurveys  clearly  show  what  is  happening  to  a  State's  forest 
resources.   In  South  Carolina,  for  example,  the  volume  of  saw  timber 
decreased  10  percent  between  the  time  of  the  first  survey  in  193^  and  the 
resurvey  of  19^6;  the  volume  of  all  timber  5-0  inches  d.b.h.  and  larger 
decreased  by  five  percent.   In  the  southern  part  of  the  Coastal  Plain,  the 
decline  was  substantially  greater.   In  the  face  of  this.  South  Carolina 
forest  industries  have  been  expanding.   Total  timber  drain  increased  from 
four  million  cords  in  1936  to  five  million  in  19^6,  and  no  easing  of  the 
pressure  for  timber  is  in  sight.   In  1950  the  pulpwood  cut  alone  amounted 
to  1,182,000  cords,  16  percent  more  than  in  19^6. 

The  Survey  has  found  many  of  the  reasons  why  timber  yields  have 
not  kept  pace  with  growing  demands  for  timber.   A  decline  in  the  amount 
of  forest  land  is  not  one  of  them,  as  the  forest  area  of  South  Carolina 
increased  by  1.2  million  acres  during  the  10  years  between  the  two  surveys. 
Instead,  we  find  that  i+.5  million  acres  of  forest  land,  out  of  a  total  of 
11.9^  are  poorly  stocked  and  are  not  growing  very  much  timber.   Also,  20 
percent  of  the  total  woodland  area  is  overstocked  with  trees  and  should  be 
thinned  to  increase  growths 

The  quality  of  the  timber  has  also  declined.   Now,  one  tree  in 
five  is  a  cull,  compared  to  one  tree  in  ten  in  1936.   The  cull  tree  volume, 
which  was  only  11  percent  of  the  total  in  1936,  increased  to  I8  percent  of 
the  total  volume  in  19U6.   Practically  all  of  this  cull  volume  is  in 
hardwoods . 
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Along  with  the  increase  in  cull  hardwoods,  there  has  "been  a 
1.7  million-acre  increase  in  the  acreage  of  hardwood  types.   In  the 
Sandhills,  scrub  oaks  took  over  more  than  ^+00,000  acres,  and  in  both 
the  Piedmont  and  Coastal  Plain,  heavy  cutting  of  pine  allowed  hard- 
woods to  increase.   This  threatens  future  usable  timber  supplies,  as 
a  high  proportion  of  these  hardwoods  are  of  low  quality. 

The  amount  of  forest  growing  stock  is  now  considerably  less 
than  is  needed  to  provide  the  annual  timber  needs  of  industry.   Saw 
timber  is  deficient  over  all  of  South  Carolina,  and  young  trees  below 
saw-timber  size  are  particularly  scarce  in  the  Coastal  Plain.   Only 
in  the  Piedmont  is  there  a  surplus  of  young  timber. 

These  highlights  of  the  forest  situation  in  South  Carolina 
provide  the  basis  for  planning  a  forestry  program  aimed  at  improving 
forest  conditions  within  the  state.   Similar  surveys  at  about  10-year 
intervals  should  provide  accurate  information  for  planning  state 
forestry  programs  and  the  basis  for  industrial  development  on  a  sound 
scale. 


FOREST  GRAZING 


Research  in  forest  grazing,  in  cooperation  with  Federal  and 
state  agencies,  is  being  carried  on  in  the  Southeastern  coastal  plain 
pineries--principally  in  the  states  of  North  Carolina  and  Georgia. 
Much  has  been  learned  about  the  natural  forage  value  of  the  most  promis- 
ing vegetation  types,  as  to  quality  and  quantity  of  forage  produced, 
effects  of  fire  on  forage  values,  occurrence  of  poison  plants,  and  the 
value  of  supplemental  feeding.   Current  studies  have  to  do  with  methods 
of  integrating  cattle  and  timber  production,  methods  of  forest  range 
improvement,  and  increasing  grazing  capacity.   One  Station  finding 
indicates  that  switch  cane  areas  of  North  Carolina  may  have  the  highest 
grazing  capacity  of  any  native  range  in  the  United  States  today. 


FOREST. UTILIZATION  SERVICE 


The  Station's  Forest  Utilization  Service  project  represents  a 
connecting  link  between  the  Forest  Products  Laboratory  at  Madison,  Wis- 
consin, and  the  wood-using  industries  of  the  Southeast.   The  Forest 
Utilization  Service  men  have  been  mainly  concerned  with  how  to  reduce  wood 
waste,  how  to  use  more  low-grade  wood  and  little-used  tree  species,  and 
how  to  improve  the  use  of  the  declining  supplies  of  high-quality  raw 
material.   Among  other  things  they  have  designed  an  automatic  wood-burning 
furnace  for  curing  bright-leaf  tobacco,  which  enables  farmers  to  utilize 
home-grown,  low-grade  wood  as  fuel,  and  at  the  same  time  improve  their 
woodlands. 
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The  Station  has  also  stimulated  a  program  of  research  at  the 
Forest  Products  Laboratory  to  find  additional  uses  for  hickory,  much 
of  which  is  now  left  in  the  woods  because  it  does  not  meet  the 
standard  for  products  such  as  skis,  picker  sticks,  and  handles.   How- 
ever^ our  studies  in  cooperation  with  private  concerns  show  that  by 
improved  drying  methods  to  reduce  checking,  some  of  this  low-grade 
hickory  can  be  used  for  cross  ties.   Also,  it  has  been  found  possible 
to  laminate  hickory  with  ash  for  baseball  bats. 

Improvements  in  air-drying  and  kiln-drying  practices  in  furniture 
manufacture  have  resulted  from  courses  in  drying  techniques  arranged  by 
the  Station.   Similar  courses  have  been  arranged  to  show  improved  tech- 
niques in  gluing  wood.   Many  requests  for  advice  and  guidance  in  the 
field  of  wood  utilization  have  been  met  by  Station  technicians.   At 
present,  we  are  completing  the  development  of  simplified  log  and  tree 
grades  for  southern  pine,  in  cooperation  with  the  Southern  Station  and 
Region  8  of  the  Forest  Service.   These  grades  should  improve  marketing 
practices  and  help  channel  high-quality  raw  material  into  products 
requiring  the  highest  grades  for  manufacture. 


CONCLUSION 


Forest  research  in  the  Southeast  is  providing  information  of  value 
to  landowners  in  obtaining  better  forest  management.   However,  the  Station 
is  still  unable  to  work  on  many  important  regional  probJ^ems  due  to  lack  of 
sufficient  facilities  and  technical  manpower.   Among  the  areas  of  the 
Southeast  where  the  Station  has  not  yet  been  able  to  undertake  a  real 
research  program  are  the  northern  Piedmont  belt,  the  sand  hills  of  North 
and  South  Carolina  and  Georgia,  the  slash  pine  and  cypress  areas  in  South 
Florida,  and  in  the  bottomland  hardwood  and  pond  pine  types. 

State  foresters  are  and  should  be  among  the  foremost  customers  of 
forest  research.   State  foresters  in  this  region  have  always  taken  a  keen 
interest  in  the  Station's  work,  have  used  our  findings  widely,  and  in 
many  instances  have  contributed  manpower  and  other  facilities  to  furthering 
research.   This  has  been  particularly  true  of  the  forest  survey,  the  results 
of  which  are  immediately  useful  for  many  purposes  such  as  in  plans  for  the 
expansion  of  forest  industries.   Undoubtedly,  there  are  many  other  ways  in 
which  state  foresters  can  use  the  Station's  facilities  to  greater  advantage. 
I  have  in  mind  the  opportunity  offered  by  the  Station's  research  centers 
and  experimental  forests  for  state  personnel  training  purposes. 

I  think  I  speak  for  all  forest  experiment  station  directors  in 
saying  that  we  are  anxious  to  keep  Station  programs  oriented  to  help  solve 
your  pressing  technical  forestry  problems.   To  this  end  we  welcome  con- 
structive criticisms  and  suggestions  concerning  our  programs.  We  also 
welcome  your  support  for  our  work  and  your  assistance  in  getting  research 
findings  applied  in  woods  practices.   We  want  you  to  feel  that  these  are 
your  stations  and  that  your  problems  and  ours  are  mutual.  With  a  combined 
attack  on  these  problems,  American  forestry  should  make  more  rapid  strides 
than  ever  before,  to  the  social  and  economic  betterment  of  our  country. 
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When  forest  fires  burn  through  southern  pine  stands,  effects  on  tree 
crowns  range  from  no  observable  injury  to  complete  browning  and  even  total  con- 
sumption of  all  needles.  Mortality  and  loss  of  growth  that  may  follow  are 
largely  determined  by  the  extent  of  damage  to  the  foliage,  particularly  to  the 
buds  and  twigs.   Height  of  scorch  line,  as  marked  by  yellowing  or  browning  nee- 
dles, is  a  rough  measure  of  damage. 

Four  major  interacting  elements  determine  whether  pine  needles  are  damaged 
by  fire.   These  are  fire  intensity,  initial  vegetation  temperature,  length  of 
exposure  to  heat,  and  lethal  temperature  of  needles.  Fire  intensity  varies 
according  to  fuel,  weather,  and  rate  of  spread.   Initial  vegetation  temperature 
is  highly  significant  because  a  tree  crown  on  a  cold  day  at  a  temperature  of 
^0°  F.  requires  about  two -and -one -half  times  as  much  heat  to  reach  a  lethal  tem- 
perature as  does  a  crown  on  a  hot  sunny  day  at  100°  F.  Duration  of  heat  is  also 
a  significant  variable  because  the  longer  needles  are  exposed  to  heat  the  more 
likely  they  are  to  be  killed.  For  example,  it  can  be  assumed  that  a  fast-burning 
headfire  which  may  subject  foliage  to  heat  for  only  a  fraction  of  a  minute  will 
cause  less  damage  than  a  slow -burning  backfire  of  equal  intensity  which  may  take 
several  minutes  to  pass  a  given  point.  Finally,  the  degree  of  ability  of  cells 
within  pine  needles  to  tolerate  heat  has  a  direct  bearing  on  the  extent  of  foliar 
injury. 

The  purpose  of  the  study  reported  here  was  to  determine  some  of  the  time- 
temperature  relations  as  they  affect  the  death  of  pine  needles.  The  study  is  one 
phase  of  a  project  designed  to  provide  information  on  fire  behavior,  intensity, 
and  effects  which  will  be  helpful  in  prescribed  burning  and  damage  appraisal. 

RESULTS  OF  OTHER  WORKERS 

Although  considerable  investigation  has  been  made  of  the  heat  tolerance  of 
northern  and  western  conifer  seedlings,  little  information  was  found  that  would 
give  more  than  a  general  clue  to  the  lethal  temperature  for  pine  needles.  Bates 
and  Roeser  (2)  report  that  seedlings  of  the  western  conifers  tested  suffered 
critical  injury  when  exposed  to  a  temperature  of  1^1°  F.  (about  60°  C.)  for  one 
minute.  Baker  (l)  found  that  1-  to  3-month  seedlings  of  representative  conifers 
of  western  America  were  quickly  killed  when  subjected  to  a  temperature  of  5^+°  C. 
but  could  withstand  a  temperature  only  a  few  degrees  lower  for  some  time.  Shir- 
ley (k)   states  that  the  maximum  temperature  which  needles  of  some  northern  coni- 
fer seedlings  could  withstand  was  49°  C.  for  a  two-hour  period.   In  moist  air 
they  could  tolerate  50°  C.  and  in  dry  air  5^°  C.  for  a  five-hour  period.  Accord- 
ing to  Lorenz  (3)  cortical  parenchyma  cells  of  catalpa,  American  elm,  red  pine, 
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northern  white  pine,  and  white  spruce  seedlings,  were  killed  in  30  minutes  when 
exposed  to  temperatures  "between  57°  ^nd  59°  C.   One  minute  was  required  to  kill 
the  cells  at  65°  to  69°  C.   From  a  review  of  the  publications  cited,  as  well  as 
others,  it  is  clear  that  different  methods  and  durations  of  exposure  to  heat, 
interpretation  of  heat  injury,  and  kind  and  age  of  material  tested  can  greatly 
modify  results.   The  commonly  accepted  statement  that  plant  protoplasm  is  killed 
at  60  C.  has  little  meaning  unless  properly  qualified. 


EQUIPMENT 


Equipment  used  for  testing  the  heat  tolerance  of  southern  pine  needles 
consisted  of  a  vacuum- jacketed  calorimeter  and  a  perforated  cover  (fig.  l).   The 

cover  was  made  of  5  layers  of  alumi- 
num foil  separated  by  layers  of 
desk-pad  blotter  stock  all  fastened 
together  with  ordinary  desk  staples. 
A  tightly  fitting  rim  of  heavy  card- 
board served  to  hold  the  top  in 
place.   Holes  approximately  1/8  inch 
in  diameter  were  spaced  in  a  circle 
at  intervals  of  about  7/8  inches. 
A  central  hole  was  made  to  hold  the 
thermometer  which  was  kept  at  the 
desired  depth  of  immersion  by 
tightly  wound  circles  of  a  rubber 
band  about  it.   All  perforations 
were  coated  with  clear  waterproof 
cement . 


ed  if  desired, 


It  was  possible  to  control 
the  temperature  of  water  in  the 
calorimeter  far  more  closely  than 
was  expected.   In  pre-tests,  by 
directing  the  beams  of  several 
100-watt  infra-red  lamps  at  the 
lower  one-third  of  the  calorimeter, 
the  temperature  could  be  maintained 
at  a  constant  level  or  even  increas- 
For  example,  in  one  test  with  three  lamps  at  about  6  inches  from 


Figure  1. — Calorimeter  used  to 
determine  lethal  temperatures 
for  southern  pine  needles. 


the  calorimeter,  the  temperature  increase  was  I.3  C.  in  one  hour.   In  another 
test  by  changing  the  number  of  lamps  and  their  distance  from  the  calorimeter, 
temperature  during  a  2-hour  period  was  raised  from  59.5°  to  60.9°  and  reduced  to 
59.0  C.  by  the  end  of  the  test.   In  actual  use,  the  beginning  and  end  tempera- 
tures rarely  varied  as  much  as  0.2°  C.  and  in  most  tests  temperature  variations 
were  not  detectable  by  a  thermometer  read  to  0.1°  C.   This  simple  method  of  tem- 
perature control  obviated  the  need  for  more  elaborate  equipment  such  as  stirrers 
and  thermoregulators. 

MATERIALS 

One-year-old  needles  of  pitch,  slash,  loblolly,  and  longleaf  pine  were 
used  in  determining  killing  temperatures.   Pitch  pine  fascicles  were  collected  in' 
Asheville,  N.  C,  and  those  of  other  species  in  the  vicinity  of  Charleston,  S.C, 
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and  Brunswick,  Ga.,  in  March  and  April  of  1951.  They  were  tested  within  several 
days  after  collection.   No  particular  effort  was  made  to  be  selective  in  collect- 
ing the  needles.  For  the  most  part  they  were  taken  from  the  ends  of  branches 
within  easy  reach  on  trees  ranging  in  height  from  6  to  35  feet. 

Shortly  after  being  plucked  from  the  trees,  needles  were  placed  on  end  with 
the  sheath  down  in  glass  jars  containing  an  inch  or  two  of  water.   In  the  labora- 
tory they  were  similarly  kept  in  water  except  for  brief  periods  of  examination. 
All  had  the  same  initial  temperature  before  immersion.   At  no  time  was  there  any 
indication  that  storing  needles  in  this  manner  had  a  harmful  effect,  because  con- 
trol needles  continued  to  transpire  and  remained  in  their  original  green  condition 
until  discarded.   Needles  have  been  kept  in  this  way  for  as  long  as  5  weeks  with- 
out apparent  loss  of  turgor  or  color. 

Only  sound,  entire  fascicles  were  used  in  the  laboratory  tests.   Here 
again,  no  particular  pains  were  taken  to  sort  out  material  on  the  basis  of 
length,  plumpness,  or  other  physical  characteristics.   Differences  within  a 
species,  however,  are  not  believed  to  have  been  great. 


METHODS 

After  water  in  the  calorimeter  had  been  brought  to  the  desired  tempera- 
ture, fascicles  which  had  previously  been  inserted  in  holes  in  the  perforated  top 
were  quickly  plunged  into  the  water  bath.   Fascicles  were  immersed  for  about  half 
their  length  and  were  kept  at  the  desired  position  by  means  of  small  numbered 
tabs  made  of  ordinary  drafting  tape  which  encircled  the  fascicles.   Time  of 
immersion  was  measured  with  a  stopwatch.   Fascicles  were  removed  in  order  from 
the  water  bath  as  each  in  turn  reached  the  predetermined  time  of  exposure.   Thus, 
both  time  and  temperature  of  immersion  were  easily  and  accurately  controlled. 

Prior  to  the  main  experiment,  a  series  of  pitch  pine  fascicles  were 
immersed  at  60*^  C.  for  periods  ranging  from  0.25  to  2.0  minutes,  the  intervals 
being  0.25  minutes.   Corresponding  tests  were  made  at  58°,  56°,  and  5^°  C.  but 
at  other  time  intervals.   Approximate  values  having  thus  been  determined,  after 
some  days  of  observation,  a  second  experiment  was  made  to  bracket  the  lethal 
temperatures  more  closely  by  lessening  the  time  intervals  of  immersion.   Subse- 
quent tests  with  the  other  species  followed  the  same  pattern  but  over  a  greater 
temperature  range--from  64°  to  52°  C.  at  two-degree  intervals. 

In  the  reported  investigation  a  pronounced  yellowing  of  the  needles  was 
considered  a  sure  sign  of  injury.   The  procedure  followed  was  to  place  a  series 
of  fascicles  that  had  been  exposed  to  the  same  temperature,  but  for  different 
lengths  of  time,  on  a  black  surface  for  color  comparison.   Ordinarily,  affected 
needles  could  be  rather  easily  distinguished.   At  times,  however,  it  was^diffl- 
cult  to  determine  the  exact  breaking-point;  as  for  example  whether  at  60  C.  the 
critical  time  should  be  noted  as  O.75  or  1.0  minute.   Occasionally  there  were 
aberrant  fascicles.   One  immersed  for  a  minute  might  appear  less  injured  than 
one  immerii'ed  for  three-quarters  of  a  minute.   Here  an  element  of  judgment  entered 
into  a  determination  of  the  death  point  and  for  that  reason  no  precise  time- 
temperature  figure  is  claimed  for  every  point.   In  addition  to  comparing  one 
fascicle  with  another  in  the  same  series,  and  with  untreated  controls,  a  check 
of  waning  natural  color  was  made  between  the  treated  and  untreated  parts  of  a 
fascicle.   This  permitted  a  3-way  comparison  of  affected  and  unaffected  needle 
tissue. 
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Injury  to  fascicles  that  had  been  subjected  to  lethal  temperatures,  within 
the  range  used  here,  was  not  immediately  discernible.  At  the  higher  temperatures 
and  longer  exposures,  symptoms  sometimes  appeared  within  a  few  hours.   Conversely, 
a  week  or  more  might  elapse  before  a  sure  determination  could  be  made  for  the 
shorter  times  and  lower  temperatures. 

RESULTS 

Results  of  the  experiment  are  graphed  in  figure  2.   The  most  significant 
fact  shown  by  the  graph  is  that  pine  needles  were  killed  almost  instantaneously 
at  6k-  ,   whereas  at  52  they  withstood  9  to  11  minutes  of  heat.  Except  for  slash 
pine,  each  point  on  the  graph  is  an  average  of  two  independent  tests.   It  will  be 
seen  that  at  the  higher  temperatures,  death  points  for  the  several  species  were 
in  very  close  agreement  but  at  the  lower  temperatures  there  was  considerable 
divergence.  The  solid  line  in  the  graph  represents  an  arithmetic  average  of  the 
death  points  of  the  several  species  as  best  they  could  be  judged. 

From  the  data  it  appears  that  pitch  pine  may  be  somewhat  the  most  tolerant 
species  to  heat,  and  slash  the  most  susceptible.  Whether  there  are  real  differ- 
ences between  species  cannot  be  determined  from  the  information  at  hand.   If 
slight  differences  do  exist,  these  are  probably  too  small  to  be  of  any  practical 
significance. 

There  are  undoubtedly  a  number  of  factors  beside  time  and  temperature 
which  can  influence  results  of  tests  such  as  were  made  by  the  writer.  Vari- 
ability in  test  material  such  as  needle  mass,  position  of  fascicles  in  the  tree 
crown,  their  relative  exposure  to  the  sun,  their  age  and  physiological  activity, 
all  conceivably  can  have  an  effect. 

Pine  needles  can  probably  suffer  varying  degrees  of  injury  from  exposure 
to  high  temperatures.  Whether  a  large  or  small  number  of  cells  must  stop  f\anc- 
tioning  permanently  before  death  ensues  is  not  known.  As  Lorenz  (3)  points  out: 
"True  indices  of  heat  injury,  which  make  it  possible  to  determine  accurately  the 
extent  to  which  life  fiinctions  of  plants  have  been  impaired,  are  noticeably  want- 
ing." There  was  no  evidence  from  the  investigations  reported  here  that  fascicles 
can  be  partly  killed  and  then  recover.  More  refined  techniques  will  have  to  be 
used  before  this  point  can  be  determined. 

Pine  fascicles  subjected  to  the  same  high  temperatures  in  a  fire  as  in  a 
water  bath  may  not  react  in  the  same  way.  Shirley  {k)   states  that  for  comparable 
material  the  killing  temperature  was  higher  in  air  than  in  water  and  higher  in 
dry  air  than  in  moist  air.  He  also  found  that  seedling  needles  could  tolerate 
several  more  degrees  of  heat  when  exposed  in  dry  air  than  in  moist  air.  The 
difference  was  attributed  to  the  cooling  effect  of  transpiration. 

The  writer  has  no  evidence  that  a  free-burning  forest  fire  either  increases 
or  decreases  the  relative  moistness  of  the  air  surrounding  a  tree  crown.  Forest 
fuels  during  combustion  release  quantities  of  water  vapor  but  the  amounts  undoubt- 
edly depend  upon  the  type  of  fire,  fuel,  and  stand.   Perhaps  in  most  fires  the 
water  vapor  is  quickly  dissipated  or  otherwise  has  no  moderating  effect  on 
lethal  temperatures.  Whatever  these  phenomena  are,   it  may  not  be  unreasonable 
to  assume  that  thermal  death  points  in  a  fire  should  not  differ  greatly  from  those 
in  a  water  bath. 
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Figure    2. --Killing   temperatures    for   southern  pine   needles   when 
immersed    in   a  water  "bath. 
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SUMMARY 

(1)  Fascicles  of  slash,  loblolly,  and  longleaf  pine  were  immersed  in  a  water 
bath  at  temperatures  ranging  from  52°  to  6k'-'   C.  (respectively  125.6°  and 
li+7«2°  F.),  at  two-degree  intervals.  Time  of  immersion  ranged  from  l-l/2 
seconds  to  lU  or  more  minutes. 

(2)  Average  lethal  temperatures  for  the  three  species,  supplemented  by  data  from 
pitch  pine,  were  as  follows:   at  64°,  3  seconds;  at  62°,  5  seconds;  at  60°, 
31  seconds;  at  58°^  1«^  minutes;  at  56°,  3*25  minutes;  at  5^°^  5*9  minutes; 
and  at  52°  C,  11.3  minutes. 

(3)  Temperature  of  the  water  bath  could  be  closely  regulated  by  directing  beams 
of  infra-red  lamps  at  the  base  of  the  calorimeter. 

(k)     Tests  were  not  sufficiently  replicated  to  determine  whether  species  have  sig! 
nificantly  different  thermal  death  points.   If  so,  they  are  believed  to  be 
small. 
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HEREDITARY  VARIATION  AS  THE  BASIS  FOR  SELECTING  SUPERIOR  FOREST  TREES 

by 
Keith  W.  Dorman 
Southeastern  Forest  Experiment  Station 


INTRODUCTION 


The  Southern  states  are  now  producing  5O  percent  of  the  Nation's 
annual  production  of  pulpwood^  kO   percent  of  its  lumber,  a  larger  percentage 
of  the  poles,  railroad  ti.?s  and  other  products,  ana  all  of  the  turpentine  and 
rosin.   The  South  contains  kO   percent  of  the  commercial  forest  land,  although 
this  region  is  only  27  percent  of  the  gross  area  in  the  United  States.   Until 
recently  ther-  has  be-n  little  attempt  in  general  silvicultural  or  forest 
management  work  to  improve  the  genetic  quality  of  the  forest  crop.  We  are 
planting  more  than  200  million  trees  each  year  in  the  South--enough  to  cover 
more  than  200  thousand  acreS"-yet  little  seed  is  collected  from  selected 
trees  or  strains  of  high  vigor,  quality,  and  resistance  to  pests.   Instead  of 
collecting  seed  where  it  is  of  high  quality,  we  tend  to  collect  it  where  it 
is  abunoant  and  cheap.  We  have  recognized  wide  variability  in  tree  quality 
in  natural  stands,  but  we  have  used  the  knowledge  to  incr  ,ase  economic  re- 
turns by  harvesting  the  better  tr^^es  instead  of  using  it  to  reserve  good  trees 
to  regenerate  new  stands.   These  practices  are  dysgenic:   they  lead  to  degen- 
eration of  the  crop,  and  no  farmer,  orchardist,  or  animal  raiser  would  use 
them. 

Some  of  our  unsound  practices  are  matters  of  expediency,  but  they 
should  not  become  hahitual.  We  can  maintain  the  genetic  quality  of  the 
present  forest  and  improve  those  of  the  future  by  adopting  a  three-point  pro- 
gram of. 

/■ 

(1)  Establishing  new  stands  by  planting  or  natural  methods 
with  seed  from  the  best  trees  in  the  best  stands o 

(2)  Making  tests,  with  seed  or  grafted  material,  of  the  best 
trees,  stands,  and  races  to  isolate  the  best  types,  so 
that  superior  seed  can  be  produced  in  the  future, 

(3)  Starting  a  program  of  tree  breeding  to  create  new  types. 

The  first  step  in  this  program  insures  use  of  what  we  think  to  be 
the  best  stock  at  present.   The  second  will  provide  us  with  good  indications 
in  the  near  future  as  to  which  of  the  selections  are  the  best  stock  and  some 
indication  of  how  superior  they  are.   The  third  will  provide,  at  some  time  in 
the  future,  new  types  of  proven  superiority. 

The  first  two  steps  in  the  above  program  assume  that  heritable  varia- 
tion occurs  between  trees,  and  that  we  can  recognize  it.  Do  we  know  this? 


The  answer  is  yes,  and  the  proof  lies  in  the  results  of  many  test  plantings 
described  in  the  following  sections. 

In  his  discussion  of  the  basis  of  Individual  variation,  Stebbins 
(1950)  states:   "The  variation  seen  between  the  individuals  of  any  population 
is  based  on  three  factors:  environmental  modification,  genetic  recombination, 
and  mutationo  Of  these,  environmental  modification  is  the  least  important  in 
evolution,  although  sometimes  very  conspicuous.  As  mentioned  ....  the 
first  step  in  any  analysis  of  natural  variation  is  the  performing  of  trans- 
plant experiments  by  which  the  effects  of  environmental  differences  are 
largely  neutralized.   Such  experiments  have  shown  that  each  genotype  has  its 
own  genetically  determined  aegree  of  modification  or  plasticity.  The  adult 
individual  we  see,  therefore,  is  a  phenotype  which  is  always  the  product  of 
the  effect  of  a  given  environment  on  an  individual  with  a  particular  heredi- 
tary background,  or  genotype.  That  this  axiom  of  genetics  disposes  at  once 
of  many  futile  arguments  as  to  the  relative  importance  of  heredity  end  environ- 
ment, or  'nature  and  nurture, '  has  been  pointed  out  by  rajny  geneticists.  .  .  .' 

The  first  step  in  studying  variation  in  forc-st  tre^^s  should  be  to  re- 
view what  is  known  about  the  influence  of  each  of  the  three  factors  listed 
above.   This  should  tell  us  how  to  look  for  variation,  ;ow  to  recognize  it, 
and  how  to  evaluate  it  by  test  plantings,   Becuuso  this  background  is  nec- 
essary, the  following  sections  give  in  some  detail  the  results  of  many  studies 
in  this  and  foreign  countries.  They  also  cover  many  species  bee  ruse  what  is 
common  in  one  m^y  be  common  in  others.   This  siiramary  give  •  us  a  basis  upon 
which  to  bu:'-ld  plans  for  studies  of  natural  variation  in  ,  ocal  species,  and 
the  remainder  of  the  discussion  is  concerned  with  th:. s  phase  of  the  job.   It 
gives  the  characters  that  are  import-ant  in  vigor,  quality,  and  resistance  to 
pests  and  discusses  what  variation  has  been  observed  in  studies  up  to  this 
time.  Also,  there  is  a  discussion  of  the  qualities  important  in  utilize tion 
for  various  products.  We  must  be  alert  and  recognize  valuable  material,         l 
because  we  don't  know  what  will  be  found.   If  the  limits  of  variation  were 
known  and  we  could  set  up  final  standards  for  superior  trees,  there  would  be 
no  need  for  additional  work. 

Some  of  the  variation  between  phenotype s  of  southern  pines  is  illus- 
trated by  the  photographs  which  follow  in  figures  1  through  16, 
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Figure  1.--A  slash  pine  tree  (Pinus  caribaea  Mor. )  that  is  55  percent  larger  in 

diameter  than  the  average  tree  in  the  same  section  of  the  plantation.   Its  basal 

area  is  2.4  times  that  of  the  average  tree.  The  tree  is  15  years  old,  10.7  inches 
in  diameter,  59  feet  tall,  and  has  good  form. 
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Flgxn-e  2. -Fifteen-year-old  slash  pine  with  high  vigor  and  good  form.  Although 
groving  very  rapidly,  it  has  pruned  itself  well.  The  branches  are  not  overly 
large  Ld  the  t^  has  little  taper.   The  tree  is  12.1   inches  m  ^i^ameter  and  5^ 
feet  tall.  This  is  an   extremely  good  type,  and  it  is  suitable  as  a  mother  tree. 
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Figure  3. — Fifteen-year-old  slash  pine  with  high  vigor  hut  very  poor  form.  It  has 
been  growing  nearly  an  inch  a  year  in  diameter,  hut  it  is  poorly  pruned,  the 
branches  are  large,  and  the  stem  has  excessive  taper.  The  tree  is  13.6  inches  in 
diameter,  kQ   feet  tall,  and  it  is  one  of  the  largest  trees  in  the  plaxitation.  It 
is  growing  within  a  few  feet  of  the  good  phenotype  shown  in.  figure  2. 
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Figure  4.--Longleaf  pine  (Plnus  palustrls  Mill.)  of  gooa  stem  and  crown  form  and  high 
vigor.  The  tree  is  30  years  old,  I3.5  inches  in  diameter,  and  58  feet  tall. 
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FigTxre  5. — Longleai*  pine  (on  the  right)  with  undesirable  crown  form.  Poor  natural 
pruning,  branchiness,  axid  excessive  stem  taper  make  this  a  poor  mother  tree.  Trees 
of  better  form  appear  on  the  left. 
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Figure  6.--Longleaf  pine  with  fastigiate  form.  This  tree  is  26  years  old,  12.8  inches 
in  diameter,  and  65  feet  in  height.  Although  this  is  a  very  vigorous  tree,  and  the 
crown  is  very  slender,  this  type  of  branching  habit  may  not  be  desirable,  because 
natural  pruning  may  be  slow.   However,  some  foresters  prefer  slender -crowned  trees 
because  they  occupy  a  small  amount  of  space. 
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Figure  7- — Longleaf  and  loblolly  pine  may  cross  in  wild  stands.  The  offspring  are 
called  Sonderegger  pine,  and  they  are  usually  poorly  formed  trees,  although  vigorous, 
This  natural  hybrid  shows  morphological  characters  intermediate  with  the  parents. 
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Figure  8. --Shortleaf  pine  (Pinus  ecMnata  Mill.)  of  good  form  and  high  vigor.  The 
tree  is  25- years  of  age,  13.1  inches  in  diameter,  and  62  feet  tall.  Although  it 
is  not  growing  under  competition,  the  tree  is  fairly  well  pruned  and  branches 
are  not  objectionably  large. 
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Figure  9.--Shortleaf  pine  of  high  vigor  but  poor  form.  The  tree  is  25  years  old, 
15.6  inches  in  diameter,  and  62  feet  tall.  Although  the  crown  is  slender  and 
the  branches  small,  there  is  a  strong  tendency  to  crook,  and  the  tree  is  poor- 
ly pruned. 
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Figure  10. --Short leaf  pine  of  good  form  and  high  vigor.  It  is  15  years  old,  9 
inches  in  diameter,  sind  26  feet  tall.  The  small  branches  are  nearly  at  a  right 
angle  to  the  stem,  and  with  competition  this  type  of  tree  would  be  well  pruned. 
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Figure  ll.--Shortleaf  pine  (center)  of  high  vigor  but  poor  crown  conformation.  The 
branches  are  long  and  large  in  diameter.  The  tree  is  l6  years  old,  11  inches  in 
diameter,  and  3k   feet  tall. 
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Figure  12. — Loblolly  pine  (Pinus  taeda  L. )  on  the  left,  26  years  of  age,  I8.3  inches 
in  diameter,  and  69  feet  tall.  This  fast-growing  tree  is  the  same  age  as  the  10. U- 
inch  loblolly  pine  on  the  right. 
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Figure  I3. --Loblolly  pines  with  wide  variation  in  crown  width.  The  crown  spread  of 
the  tree  on  the  left  is  20  feet,  that  on  the  right  kO   feet.  Slender-crowned  trees 
are  preferred  because  the  branches  form  small  knots  and  are  easily  prioned. 
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Figure  Ik. — Loblolly  pine  22  years  of  age,  planted  at  Bogalusa,  La.,  shows  the  effect 
of  geographic  source  of  seed  on  height  growth.  Source  of  seed  in  rows  of  trees, 
from  left  to  right,  Louisiana  (local),  Texas,  Georgia,  and  Arkansas.  Photo  from 
Wakeley  (1951&). 
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Figure  l6 .- -Open-grown  loblolly  pine  that  exhibits  poor  natural  pruning.  The  strong 
ly  ascending  branches  tend  to  persist  for  a  long  time.  Horizontal  branching  is 
preferable . 
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THE  HEREDITARY -VERSUS  ENVIRONMENT  CONTROVERSY 


I~  should  be  understood  that  ali  plant  characters  are  heritable — the 
important  thing  is  the  rigidity  of  genetic  controls   If  a  character  is 
loosely  controlled  (plastic  in  nature)^  then  environmental  changes  can  so 
alter  the  character  that  the  genetic  control  becomes  of  little  importance* 
Conversely _^  some  characters  are  now  -.0  rigidly  controlled  genetically  that 
the  environment  is  of  little  importance »   Some  people  have  assumed  there 
was  no  heritable  variation  in  tree  species j,  and  they  planted  seed  regardless 
of  geographic  source  of  seed  until  they  found  some  sources  were  undesirable; 
they  Cut  the  best  trees  until  they  discovered  most  of  the  trees  in  succeeding 
stands  were  of  generally  lower  quality.   They  collected  seed  indiscriminately 
until  they  discovered  some  poorly  formed  mother  trees  gave  poorly  formed 
progeny.   Foresters  who  have  encountered  such  experiences  believe  there  is 
heritable  variation  within  species  :f  trees.   The  explanation  that  all  ob- 
servable differences  are  merely  tne  effect  of  'environment"  is  ro  longer 
acceptable  m  the  face  of  the  growing  volume  of  experimental  evi-ience  demon- 
strating heritable  variation. 

The  breadth  of  heritable  variation  can  perhaps  best  be  stated  by  a 
quotation  from  Mather's  i,19^9j  book^  'Biometrical  Genetics."   He  states, 
"A  great  vari-ty  of  characters  is  now  known  to  show  :  eritable  variation^   It 
includes  gene  and  hromosome  behavior_^  cell  shape^  gross  morphology,  physio- 
logical and  b  ochemical  properties,  psychological  characteristics,  mating 
behavior,  resist"  ance  to  disease  and  toxic  agents,  ability  to  infect  a  host, 
ability  to  act  as  a  vector  in  virus  transmiss 'on,  and  antigen  production. 
Indeed,  few  ge.  eticists  would  question  the  p /oposition  that  no  character  of 
an  organism  would  fail  to  show  heritable  variation  were  it  subjected  to  ade- 
quate examinat  on.   Furthermore,  the  m  gnitude  of  the  heritable  differences 
sh-wn  m  a  character  may  range  from  the  smal  est  tnat  is  detectab -e  to  the 
largest  that  is  possible,.'   The  more  o;  e  studies  the  complex  nature  ^-f  some 
of  our  importart  tree  spec.e-:  the  more  he  see-  the  spectrum  of  variations, 
many  of  which  are  doubtless  inheritabl-.   Sterlins  vl95C)  expresses  this  very 
well  when  he  states^  "A  thorough  study  o'  Nature's  variation  pattern  reveals 
that  fickle  Dame  Nature  has  "  ery  different  ends  in  view  from  that  of  making 
neat  hierarchies  of  species  ^nd  genera  wh'ch  naturalists  can  fil-  away  tidily 
in  cabinets  with  th-  least  possible  trouble/' 

The  species  concept  in  plant  taxonomy  does  not  imply  genetic  uniform- 
ity.  Taxonomi  ts  or  plant  systematists  who  use  the  broad  concept  of  the 
species  are  called  "lumpers,  '  and  those  using  a  narrow  concept  are  "splitters," 
They  disagree  on  the  point  of  how  "uniform'  a  species  lust  be. 

The  geneticist,  the  eco legist,  and  the  systematist  has  each  developed 
terminology  to  describe  categories  below  the  rank  of  species.   Some  of  these 
terms  will  be  listed  in  passing  because  a  full  explanation  of  their  derivation 
is  beyond  the  scope  of  this  paper.   Stebbins  (1950)  g  es  a  number  of  them  in 
his  discussion  of  variation  pa.tternSo   He  describes  varieties  and  subspecies 
as  units  within  species  and  tne  form  as  a  unit  within  either  subspec  es  or 
species  as  they  are  all  used  by  plant  systemat  .sts.   A  so,  the  biotype,  pure 
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line,  clone  population;,  and  ecospecies  or  ecotype  are  explained  as  they  are 
used  by  geneticists. 

The  "biotype  consists  of  all  the  individuals  having  the  same  genotype » 
Since  even  a  small  amount  of  cross-fertilization  will  produce  heterozygosity 
and  differences  between  genotypes  for  at  least  a  few  of  the  hundreds  of  genes 
present  in  any  organism,  the  biotype  in  cross-fertilized  organisms  usually 
consists  of  a  single  individual.  But  in  self-fertilizing  plants  the  in- 
dividuals  may  become  completely  homozygous  and  produce  by  selfing  a  progeny 
of  individuals  all  with  the  same  genotype,  and  therefore  belonging  to  the 
same  biotype.  The  offspring  of  a  single  homozygous  individual  is  called  a 
pure  line,  which  therefore  represents  the  appearance  of  the  same  biotype  in 
successi-e  generations^  When  asexual  reproduction  occurs,  either  through 
vegetative  means  or  through  apomixis .  several  individuals  of  the  same  bio- 
type may  be  produced  even  if  the  parent  is  heterozygous .  All  asexually  pro- 
duced offspring  of  an  original  individual  are  collectively  termed  a  clone. 
A  population  is  a  group  of  individuals  among  which  interbreeding  and  gene 
exchange  can  occur.  Usually  plants  interbreed  with  others  of  the  same  species 
that  are  adjacent  to  them  in  the  population.   Because  of  the  distance,  they 
do  not  mate  with  those  in  other  parts  of  their  natural  range.  Moreover,  a 
difference  in  blooming  time  prevents  them  from  mating  with  those  in  the  same 
locality  but  at  different  elevations.   Ecospecies  or  ^'Cotypes  are  distinct 
races  resulting  from  the  selective  action  of  a  particular  environment. 

The  lack  of  uniformity  has  led  to  manv  problems  in  describing  species, 
such  as  Douglas- fir,  ponderosa  pine,  European  larch,  and  many  others,  as  we 
will  learn  from  the  following  discussion.   Variation  within  a  species 
creates  opportunities  for  locating  better  types,  and  raises  problems  in 
avoiding  undesirable  types.   It  may  be  just  as  great  an  error  in  judgment  to 
use  the  wrong  race,  variety,  or  variant  of  a  species  as  it  is  to  use  the 
wrong  species. 

Between  the  growth  habit  exhibited  by  thz  prostrate  juniper  and  the 
West  Coast  redwood- -between  the  slender,  fastigiate  form  of  Lombardy  poplar 
and  the  "weeping"  willow--lie  many  intermediate  types,  and  no  one  denies  that 
the  extreme  type  of  form  exhibited  by  these  plants  are  heritable;  no  one 
should  deny  that  smaller  differences  in  crown  or  stem  form  can  be  inherited. 
We  don't  expect  to  change  the  inherent  form  of  "weeping"  and  fastigiate  types, 
or  the  dwarf  and  giant  types,  by  growing  them  in  different  environments c. 

The  tree  that  grows  in  the  woods  (the  phenotype)  is  a  product  of  the 
environment  and  genetic  constitution  (the  genotype).  While  we  can  detect 
major  genotypic  effects  which  separate  the  species — the  maples  from  the  oaks, 
the  pines  from  the  cedars— there  are  other  smaller  differences  in  genotype, 
within  a  population,  which  can  be  accurately  determined  only  by  studying  the 
tree^s  progeny.  Such  studies  are  made  with  offspring  obtained  by  controlled 
pollination,  showing  traits  passed  on  through  inheritance  in  sexual  reproduc- 
tion. Progeny  tests  may  be  necessary  in  precise  experimentation,  or  before 
making  an  investment  to  reproduce  the  stock  as  a  superior  variety.  They  are 
not  a  requisite  for  most  silvicultural  selection  where  a  great  many  selections 
are  made. 

In  contrast  to  the  differences  betv^een  individuals  within  a  population 
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there  are  differences  between  populations.  These  differences  between  groups 
of  trees  of  the  same  species  have  been  recognized  by  the  plant  systematists, 
ecologists^  and  geneticists^  as  discussed  previously  by  Stebbins.  They  may 
be  common  in  species  with  a  wide  geographic  range  where  differences  in  mini- 
mum and  maximum  temperatures,  length  of  growing  season,  and  many  other 
factors  act  through  natural  selection.  These  factors  of  natural  selection 
acting  upon  generation  after  generation  gradually  eliminate  those  trees  less 
suited  to  local  conditions o  Natural  selection  can  be  effective  only  if 
there  are  different  genotypes  within  the  population.   These  differences 
between  individual  trees  may  be  caused  by  mutations  or  recombination  of 
genes,  and  tuey  will  be  discussed  in  more  detail  in  following  sections,. 

The  argument  of  environment  versus  Heredity  should  not  be  permitted 
to  delay  any  longer  the  use  of  better  parent  stock  of  forest  trees  in  the 
selection  of  outstanding  trees  to  form  the  final  crop  or  for  a  source  of 
seed.   Our  obligation  is  to  find  out  whether  superior  types  exist,  and  if  so, 
to  use  them.  Foresters  have  yet  to  catch  up  with  workers  in  other  fields  of 
agriculture  in  recognizing  the  opportunities  furnished  by  variation  within 
species o 
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THE  BASIS  FOR  HERITABLE  VARIATION 


The  improvement  to  be  made  ty  selecting  superior  single  plants  or  races 
depends  upon  the  amount  of  heritalDle  variation.'  It  will  help  in  establishing  a 
frame  of  reference  for  selection  work  if  we  r-^-view  the  three  broad  factors  of 
variation  that  were  listed  in  the  introduction  and  the  effects  of  each;  also, 
if  we  assemble  the  results  of  studios  showing  the  extent  of  this  variation. 
With  this  groundwork  we  will  be  in  a  position  to  develop  methods  and  pr-^liminary 
standards  of  selection  applicable  to  the  South. 

Studies  of  variation  in  forest  tr'.=es  are  reviewed  in  three  sections  under 
the  headings  of  variation  through  recombination,  variation  caused  by  mutations, 
and  variation  between  populations.  These  divisions  of  subject  material  are  not 
strictly  comparable  because  only  recombination  and  mutation  actually  Ccuse  varia- 
tion, which  then  may  be  acted  upon  by  n^.tur-il  selection  to  develop  vari  ties. 
Recombination  and  mutations  cause  variation  within  populations,  and  natural  se- 
lection causes  variation  betwe  :;n  popiiletions.   Standard  works  in  genetics  should 
be  referred  to  for  a  full  discussion  of  these  subjects,  becaust^  space  limitation 
prohibits  adequate  coverag.  her^. 


Variation  Terough  Recombination 

Heritable  variation  that  reuses  differences  between  plants  of  the  same 
species  may  be  caused  by  various  combinations  of  genes  that  control  growth  and 
form.  We  know  from  the  tests  mad6  with  cuttings,  seed  from  controlled  breeding, 
and  seed  collected  from  single  trees  e:-diibiting  certain  traits,  that  a  good  many 
of  the  visible  traits  may  be  truly  hereditary.   Because  of  its  value  and  appli- 
cation to  forestry  practices  at  the  present  moment,  the  following  discussion 
covers  in  some  detail  the  results  of  tests  where  seed  is  taken  from  selected  trees 
and  the  offspring  compared  with  the  mother  tree  or  with  those  of  other  trees. 
This  is  the  result  of  mother  tre^^,  or  one -parent  selection,  and  in  general  shows 
that  traits  both  good  and  bad  may  be  transmitted  to  some  of  th  next  gen; ration 
regardless  of  the  male  parent. 

One -parent  progeny  tests  with  softwoods  --In  Australia,  according  to  the 
Queensland  Forest  Service  (I95O),  seed  of  loblolly  and  slaeh  pine  have  been  col- 
lected usually  from  selected  trees  of  the  best  form  and  vigor.   In  order  to  know 
whether  or  not  this  was  a  desirable  practice,  controlled  ttst  plantations  were 
made  in  I9J+2  and  19^4  with  seed  from  crop  tre^s  (the  I60  chosen  for  pruning,  out 
of  an  original  planting  of  68O  per  acre),  from  a  more  highly  selected  group  of 
"plus"  trees  and  with  seed  resulting  from  inbreeding  a  few  of  the  selected  plus 
trees.   In  19^8  the  trees  were  measured  and  rated  on  the  basis  of  form  and  growth. 
When  the  average  results  for  the  three  groups  were  expressed  as  the  number  of 
stems  per  acre  of  form  equal  to  or  better  than  the  best  150  per  acre  of  routine 
source,  they  found  the  open-pollinated  seed  from  the  plus  trees  gave  35O  stems 
and  the  inbred  seed  source  57O.  The  progeny  of  9  of  the  11  plus  slash  pine  trees 
was  significantly  superior  to  those  from  the  routine  collected  seed  from  the  I60 
pruned  trees.  A  similar  test  with  loblolly  pine  seedlings  showed  3IO  trees  per 
acre  from  the  plus  seed  equal  to  or  better  than  the  best  16O  from  the  routine 
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collected  seed.   The  -progeny  of  12  of  the  13  plus  trees  was  superior  to  that  of 
the  routine  seed  source.   The  selection  of  both  slash  and  loblolly  pine  was 
made  in  plantations  wher:?  environmental  conditions  were  fairly  uniform.   In  all 
cases  in  the  above  ei.periment  there  was  a  range  of  types  from  good  to  poor  in 
the  progeny  of  each  plus  tree.  By  sel  -cting  open-pollinated  seed  from  the  plus 
trees,  the  Australian;-:  obtained  more  than  twice  as  many  top-quility  tre-S.   By 
inbreeding  the  best  slash  pine  plus  trees.  the>  obtained  3*5  times  as  many  top- 
quality  trees  and  15  percent  were  better  than  any  from  open-pollinated  crop 
trees.   These  results  may  be  conservative  if  a  comparison  is  desired  between 
plus  trees  and  average  trees,  because  these  plus  tre<iS  wer-  compared  with  the 
offspring  of  crop  trees  which  were  the  best  25  percent  of  the  stand,  instead  of 
with  average  trees  in  the  stand.  The  crop  trees  would  be  those  regenerating 
the  next  stand  unless  they  were  removed  to  make  a  commerci-^l  thinning  cr  as  a 
result  of  naval  stores  chipping,  both  of  which  are  sometimes  done  in  the 
southern  United  States. 

Minckler  (19^2)  reported  5-y-ar  results  of  a  one -parent  progeny  test 
with  loblolly  pine  trees.   The  planting  wae  then  destroyed  by  a  hydroelectric 
project.   Although  no  criterion  was  dicoovered  for  selecting  seed  tre  .s,  the 
data  did  show  highly  significant  etatistical  dlf ft  rences  in  both  grovth  and 
survival  of  progen-Les  from  different,  mother  trees »  The  mean  growth  in  four 
randomized  plots  of  the  be't  progeny  was  8.3  feet  and  the  poorest  J>.h   feet. 
The  mean  survival  of  the  b;  et  progeny  (from  the  etandpoint  of  sin-vival)  was  96 
percent  and  the  poorest  5  percent.   The  10  best  progenies  from  the  standpoint 
of  growth  grew  ^6   percent  more  in  k   years  than  the  10  poorest,  and  the  10  best 
from  the  standpoint  of  survival  were  U6  percent  better  than  the  10  poorest. 

Sherry  (19^7)  has  shown  that  both  desiraole  and  urdesirable  chare cter is > 
tics  of  Monterey  pine  (Pinus  radiata)  mother  trees  gr >m  in  South  Afriea  may  be 
passed  on  to  their  offspring,   eieed  was  collected  from  Ik   parent  trees  -which 
exhibited  marked  character  in  r'gar"  to  vie,or,  branok  thi.kne:s,  length  of  in- 
ternodes,  ST:em  form,  and  crewn  form,   et  7  years  of  age,,  the  progmiee^  about 
forty  trees  from  each  parent  tree,  -were  iDeasueed  and  scoreo  for  morphological 
characters.   The  results  are  e/.pressed  a?  the  pere  '..tage  oJ  eael:  piogeny  which 
reproduce  the  characters  of  the  meternal  parent.  Data  from  t".'o  of  the  progeny 
groups  will  illustrate  the  type  of  results  obtained  from  the   plantation.   One 
mother  was  seo-ected  for  high  vigor,  small  branches^  relatively  ehort  internodes, 
straight  stem,  and  narrow  crown.   The  progeny  showed  89  perc -nt  with  small 
branches,  91  percent  with  short  internodes^  96   percerec  with  straight  stems,  and 
47  percent  with  narrow  crowns.  Another  rep)  id -grow  ring  mother  tree  that  had  small 
branches,  long  internodes,  crooked  stem,  and  wide  erown  gave  progeny  73  percent 
of  which  had  small  branches,  37  percent  long  internodes,  12   percent  crooked 
stems,  and  55  percent  wide  crowns. 

The  range  in  number  of  offspring  showing  the  characteristics  in  stem 
form  and  crown  shape  of  the  mother  paren".  is  very  intereeting,  c^lthough  the 
number  of  examples  cited  is  rather  -mall.   They  ere  given  by  Sherry  ae  examples, 
not  averages,  of  the  range  that  occurred  ;'rom  th-  I'l  mo-cher  trees.   Generally, 
•eou-'  ^"  peecr-e-   t  :  h ,  lower  lim-'.t  (33  ■-^'    5e  ireoeent)  to  ubou'  8';  p'-'ceet  at 
the  upper  limit  (72  to  96  percent)  of  the  offspring  showed  the  same  traits  as 
the  mother  tree.   Sherry  conciudts  that.   A  surprisiogly  iigh  percentage  of 
trees  in  th-se  progeni-s  re  emblod  the  1  e  eenial  parent  in  the  characters  which 
were  scored;  suggesting  that  v.hese  charac  ers  are  £enetically  ..cntroljed  o  .  .  . 
There  are  indlcatione  from  the  data  that  characters  such  as  slender  branches 

-  23  - 


and  short  internodes  may  "be  genetically  dominant  and  that  defects  in  the 
crown  and  leading  shoot  are  heritable.  The  results,  in  general,  suggest 
that  mother  tree  selection  in  the  collection  of  seed  from  P.  radiata  may 
effect  considerable  improvement  in  the  form  of  resultant  crops . " 

A  number  of  studies  in  Europe  show  that  in  Scots  pine  the  mother 
tree  influences  form  and  vigor  of  the  offspring.   Lubyako  (19^1)  found 
significant  differences  in  the  average  height  and  diameter  of  progeny  of 
different  pine  trees  at  the  age  of  13  years,,  though  there  was  gr-.at  varia- 
tion within  each  progeny,  even  the  best  containing  over  20  percent  of 
individual  trees  having  a  height  b<-low  the  average  for  the  worst  progeny 
group.   In  another  investigation,  11-year-old  progenies  of  first-quality 
stands  averaged  1.8  times  the  height  and  over  twice  the  diamvter  of  those 
of  third-quality  stands.   Behrndt  (1935)  reports  results  obtained  by 
individual  selection  in  three  plantations,  consisting  of  the  progenies 
from  single  trees  and  seedlings  obtained  from  certified  seed.  For  the 
7-year  observation  period  all  three  plantations  demonstrated  differences 
in  the  height  attained  by  the  various  progenies  of  the  same  age  from  single 
trees.  These  differences  are  regarded  as  being  partly  due  to  direct  genetic 
causes  and  partly  to  differences  in  susceptibility  to  Lophoderium  pinastri . 
Progeny  on  one  tree  in  one  of  the  three  plantations  exhibited  remarkable 
resistance  to  this  fungus  throughout,  as  well  as  e  particularly  high  growth 
rate, 

Syrach  Larsen  (1937)  has  reviewed  early  European  work  with  open- 
pollinated  se^d  in  forest  tree- Improvement  programs,  and  cites  several 
workers  who  clai-ji  that  the  characters  of  the  mothi^r  tree  are  dominant  in 
the  offspring  of  the  individual  tree , 

Arnborg  (19^6)  describes  a  form  of  Scots  pine  called  "broom"  pine. 
It  is  characterized  by  fastigiate  multiple  stems  formed  in  youth,  and 
generally  fused  later  into  a  composite  stem  from  one  to  several  meters  long 
in  old  trees.  No  true  main  stem  is  formed.   Cone  setting  is  usually  poor 
and  cones  small,  but-  no  distinct  differences  from  type  exist  in  the  general 
morphology  of  lea^-es  or  cones.  The  form  is  practically  confined  to  Uppsala 
and  the  adjacent  coxmties  in  Sweden,  but  possibly  occurs  in  several  Norwe^ 
gian  localities.   Seed  from  parents  m  a  number  of  localities  was  sown  in 
19^2.   In  the  4-year-old  progeny  only  23  percent  had  straight,  single  stems 
with  short  branches,  65  percent  had  single  stems  but  long  branches,  and  12 
percent  had  two  or  more  stems.  The  difference  in  seedlings  begins  to  show 
in  the  first  to  second  years. 

Differences  were  found  by  von  Wettstein  (19^9)  between  the  progeny 
from  open-pollinated  seed  of  selected  Scots  pine  trees  and  that  from  mixed 
seed  of  all  trees  in  the  same  stand  when  planted  in  alternate  rows.   The 
differences  were  consistent  for  yearly  plantings  over  a  5-year  period,  and 
he  suggests  this  method  for  separating  elite  trees  from  standard  or  average 
trees, 

Johnson  i 19^8)  describes  two  cases  of  albinism  in  seedlings  of  Pinus 
nigra  var.  austriaca.   In  one  case,  seed  was  collected  from  an  isolated  self- 
pollinated  individual  tree.  The  other  seed  came  from  a  group  where  some 
cross -pollination  was  likely  to  have  occurred. 
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An  unusual  type  of  spruce,  called  "worm"  spruce  in  Sweden^  is 
described  by  Geete  {19hk) .     Treschow  (19^J+)  reports  on  progeny  of  spruce 
of  this  type»  Of  400  plants  raised  from  seed  collected  in  1922  from  a 
single  tree--the  only  one  of  its  kind  in  the  stand- -most  offspring  appeared 
at  h   to  5  years  of  age  to  be  ordinary  Norway  spruce.  The  remainder  (l6 
plants)  were  planted  out,  and  are  still  of  a  pronounced  "snaky"  type.  Five 
or  six  of  them  are  quite  typical,  with  several  annual  shoots  having  no 
lateral  shoots  whatever,  and  have  therefore  stagnated  in  growth.  The  rest, 
though  of  the  "snake"  type^  have  formed  almost  noimal  leaders  of  late  years 
and  have  grown  fairly  well;  the  la-rgest  is  now  10.7  meters  high  and  21  cen- 
timeters in  d.b„h. 

In  Wisconsin^  Riker,  Kouba,  and  Brener  (19^9)  found  that  seedlings 
from  wind-pollir ation  of  selected  rust -resistant  white  pine  trees  had  little 
more  resistance  to  blister  rust  than  commercial  seedlings.  Grafted  trees, 
from  the  I63  parent  trees  that  had  been  selected  in  natural  stands  because 
of  their  apparent  resistance^  were  variable  in  resistance  to  the  disease. 
About  one-fourth  of  them  had  high  resistance.  Resistance  to  blister  rust 
occurred  in  one  or  more  of  these  ways:  (l)  infection  negative  or  reduced  in 
amount,  (2)  needle  lesions  reduced  to  small  spots  or  flecks,  (3)  stem  lesions 
corked  out^  (k)    lateral  stem  lesions  failed  to  reach  the  main  stem  before  the 
twig  died,  and  (5)  cankers  failed  to  form  aecia. 

One-parent  progeny  test?  with  hard woods .- -The  earliest  work  in 
individual  tree  selection  in  hardwoods  vas  in  Europe  with  beech,  about  --fhich 
Syrach  Larsen  (1937)  states,  "Cieslar  and  Opperman's  works,  published  m  tte 
beginning  of  this  century^  were  pioneer  works  in  the  recognition  of  the  hered- 
itary differences  in  shape  in  indivjdials  of  apparently  the  same  geographical 
type.  Both  took  a  special  interest  in  the  so-called  freak  forms,  Oppenaan's 
work  was  of  the  greatest  importance  to  Danish  conditions.  His  comparison 
between  offspring  of  marked  weeping  beeches  and  other  normal  trees ^  and  with 
offspring  of  isolated,  particularly  beautiful,  individual  trees,  or  whole 
growths  of  particularly  fine  specimens,  give  a  strong  impression  of  the  ne- 
cessity of  seeking  the  best  possible  seed  trees  also  within  the  individual 
districts.   He  created  the  word  'freak'  as  a  forestal  term  denoting  a  tree 
with  poor  hereditary  properties  with  respect  to  shape.  At  the  Egelund  nursery 
he  demonstrated  his  experiments  in  such  a  manner  that  it  was  impossible  to 
leave  the  nursery  without  feeling  an  urgent,  desire  to  apply  these  results. 
Opperman  roused  Danish  foresters  from  indifference  with  regard  to  the  origin 
of  seed^  and  throughout  his  life  he  urged  us  to  gather  seed  from  the  best 
possible  trees  only."  i  , 

Selection  of  trees  superior  in  latex  production  has  been  an  important 
part  in  the  development  of  improved  rubber-producing  trees  of  Hevea.  Through 
a  program  of  selection  and  controlled  breeding  with  the  use  of  bud-grafted 
superior  types,  the  best  stock  is  e  ipected  to  produce  about  2,000  kg.  per 
hectare  as  compared  with  a  yield  of  k60   to  6hO   kg.  per  hectare  of  the  unse- 
lected  plantations  in  I926.  Seed  from  superior  trees  does  not  always  give 
high-quality  progeny,  and  some  average  trees  may  have  progeny  that  are 
superior  to  the  parent  tree.  Practically  no  effort  has  been  made  to  improve 
growth  rate  by  selection,  as  hybridization  seems  more  feasible.  Maas  (19^8) 
states^  "Thus  far  seed  selection  has  already  resulted  in  trebling  the  pro- 
ductive capacity,  and  further  increases  can  be  looked  to  in  the  futvire,  now 
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that  sufficient  information  is  available  to  extend  the  range  of  the  recom- 
mendations.  The  difference  in  the  productivity  capacity  of  seedling  plots 
as  compared  with  bud-grafted  plots  has  been  smaller  than  had  originally  been 
e-pected,  and  this  difference  can  still  further  be  reduced  by  closer  planting 
and  selective  thinning;  methods  better  suited  to  seedling  areas  than  they  are 
to  a  monoclone  planting.  When  a  comparison  is  drawn  between  buddings  and 
seedlings  growing  imder  conditions  similar  as  regards  planting  distance  and 
thinning  out^  the  figures  show  that  the  rate  of  production  does  not  exceed 
15  percent  in  favor  of  the  buddings^  and  in  many  cases  it  has  proved  to  be 
a  good  deal  lesso  .  .  .  The  planting  of  seedlings  should  be  included  in 
planting  programs  on  a  scale  larger  than  hitherto,  but  the  selection  of  the 
planting  material  should  be  referred  to  expert  advice." 

Open-pollinated  seed  of  mimosa  trees  resistant  to  mimosa  wilt  pro- 
duced trees  about  half  of  which  were  likewise  resistant  to  the  disease. 
Toole  and  Hepting  (19^9)  found  only  a  very  few  resistant  se  dlings  when  seed 
v/as  .oll°cted  without  regard  to  resistance  in  the  parent.  Rooted  cuttings 
from  resistant  tre.-s  shew  high  resistance  to  the  disease,  an  about  half  the 
seedlings  were  resistant  when  open-pollinated  seed  was  coll^^cted  from  th  ^ 
trees  developing  from  these  cuttings. 

Dilatush  (1950)  states  that  hollies  grown  from  seed  vary  in  the  way 
leaves  <-.re  retained  throughout  the  y.^ar,  leaf  color,  fruit  color,  permanence 
of  fruit  olor,  tree  form,  growth  rate,  and  in  the  way  the  fruit  is  distri- 
buted among  the  1  aves.   Zimmerman  and  Hitchcock  (1933)  class  seedling  varia- 
tion in  holly  under  the  following  headings:  (l)  shape  of  plant,  (2)  fruitful 
ness,  (3)  color  of  fruit,  (h)    shape  of  fruit,  (5)  color  of  foliage  (yellow  to 
dark  green),  (6)  shapv  or  form  of  leaves  (entire  to  very  spiny  or  smootn  to 
very  twisted),  (7)  shedding  of  leaves,  (8)  winter  hardiness,  and  (9)  color  of 
new  leaves  and  stems. 

Osborn  (I93I)  vas  the  first  to  make  progeny  tests  with  black  wattle 
(Acacia  mollissima  Willd.).  Between  1927  and  I93O  he  set  out  about  3OO  pro- 
genies from  natural  seed  of  selected  trees  m  alternate  rows  with  seedlings 
from  commercial  sources.  He  found  that  a  remarkable  degree  of  uniformity 
occurred  within  many  of  the  progenies  while  others  did  not  breed  true  to  the 
same  extent;  that  superior  characters "-mainly  v°gor,  form,  foliage,  disease 
resistancc--appear3d  consistently  within  a  number  of  progenies;  and  that 
recessive  lethal  and  developmental  modifying  characters  appeared  mainly  in 
the  seedling  stage  in  some  progenies.   In  some  cases  the  standard  deviation 
of  basal  area  for  the  offspring  of  a  selected  tree  was  only  about  half  that 
for  a  group  of  trees  of  commercial  source.   Osborn  observed  that  isolated 
trees  produced  fertile  seed  and  that  recessive  seedling  characters  occurred 
in  natural  progenies  of  plantation  trees.   This  indicated  that  black  wattle 
was  not  self -incompatible.  He  concluded  that  the  studies  of  variation  in 
vigor,  bark  yield,  and  tannin  content  provided  sufficient  evidence  to 
recommend  mass  selection  as  a  preliminary  step  in  the  improvement  of  the 
variety. 

Black  locust  seed  from  fast-growing  trees  should  be  preferred  over 
that  of  other  trees,  according  to  Curamings  (19^7).   Seed  was  collected  from 
27  individual  trees  of  different  vigor  classes,  and  after  6  years  the  seed- 
lings averaged 9-1  feet  in  height  for  progeny  of  trees  of  good  growth,  com- 
pared with  7,0  and  7.7  feet  for  progeny  of  trees  of  fair  and  poor  growth, 
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respectively. 

Esson  (19^6)  reports  that  fastigiate  oak  reproduced  from  seed.   Of 
three  acorns  collected  in  1931  from  a  specimen  of  Q,uercus  robur  var.  fasti- 


giata  growing  at  Great  Neck^  Long  Island,  two  produced  ordinary  English 
oaks  with  spreading  branches,  and  the  third  a  fastigiate  tree  that  is  now 
3^  feet  tall. 

Much  variation  of  individual  tree  characters  has  been  observed  in 
cinchona  plantations  (Ferguson  19^6).   Clones  vary  in  height  growth,  stem 
form,  and  branching.   Quinine  content  of  the  bark  is  also  genetically  de- 
termined.  EbeB  (1951)  discusses  results  of  selective  breeding  wit'i  Cin- 
chona ledgeriana.   An  improved  stem  form  was  found  in  the  first  generation. 

The  point  that  stands  out  from  this  review  of  tests  made  with  open- 
pollinated  seed  of  both  superior  and  inferior  trees  is  that  a  large  number 
of  traits  important  to  foresters  in  e.^'tablishing,  managing,  and  harvesting 
forest  stands  are  heritable.   Some  of  the  characters  are  dominant  and  they 
are  passed  on  to  many  progeny,  while  others  are  passed  to  a  few  prog -ny. 
This  applies  to  both  pine  ^nd  hardwoods.   Traits  such  as  high  vigor,  good 
form,  i<nd  disease  resistance  are  most  important  to  the  practicing  forester, 
and  the  case  for  selc'  ting  outstandj.ng  trees  with  these  traits  is  well 
supported.   These  individual  trees  could  be  used  as  source  of  open-poilina- 
ted  seed  for  large-scale  planting,  for  f;rafting  and  cutting  material  vith 
which  to  establish  seed  orchards,  and  for  parent  trees  in  controlled  breed- 
ing.  There  is  strong  evidence  for  the  careful  selection  of  the  best  trees 
to  form  the  final  crop  and  for  seed  trees  where  this  system  of  regeneration 
is  used.  There  is  a  great  need  for  additional  studies  in  natural  variation 
in  commercial  species  of  forest  trees,.  We  need  progeny  tests  of  the  off- 
spring of  selected  tr;>es  to  show  the  proportion  of  variation  contributed  by 
environmental  and  genetic  factors. 


Variation  Caused  by  Mutations 


Another  source  of  variation  tha"^.  may  cause  diff-rences  between 
plants  of  the  same  sp-  cies  is  mutation.  Mutations  are  sudden  variations  that 
are  later  passed  on  through  inheritance  and  that  result  from  changes  in  a 
gene  or  genes.  Mutations  in  forest  trees  have  been  identified  in  both  soft- 
woods and  hardwoods.  A  tetraploid  (four  chromosomal  sets)  has  been  reported 
in  spruce  from  Sweden  by  Andersson  (19^7)-   The  progeny  resulting  from  wind 
pollination  of  the  polyploid  spruce  show  varying  height  growth,  growth  habit, 
and  stomatal  size.   The  Institute  of  Forest  Genetics  in  California  has  what 
is  believed  to  be  a  mutant  shortleaf  pine.   It  is  characterized  by  slov 
growth,  thin  crown,  and  very  short  needles.  Guinier  (19^^)  describes  a  group 
of  three  branchless  firs  growing  close  together.   The  trees  were  very  small 
and  about  one-half  centimeter  in  di-wieter  a:3d  75  to  80  centimeters  ir  height,, 
although  the  trees  were  3O  years  or  more  old,  as  indicated  by  the  appearance 
of  scars  left  by  the  fall  of  bud-scales,   It  i3  believjd  they  were  apparently 
the  result  of  a  mutation  characteri::;ed  by  abortion  of  the  lateral  buds. 
Stebbings  (19^8)  found  the  coast  redwood  was  a  hexaploid  with  2N  =  6G 
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chromosomes.  The  dawn  redwood  recently  discovered  in  China  has  c3!J  =  22 
chromosomes,  as  does  the  "big  tree  of  California.   Liese  (1935)  P  esents 
evidence  for  the  hereditary  nature  of  witches -broom  on  pine.   Pine  cones 
gathered  from  witches -broom  yielded  a  progeny  half  of  which  showed  the 
typical  anomalous  form  of  growth,  while  the  other  half  of  the  progeny  was 
nonnal,  A  second  e ■:periiiient  gave  similar  results,  except  for  the  presence 
of  a  group  of  intermediate  types.  The  author  attributes  the  formation  to 
bud  mutation,  asserting  that  the  most  careful  investigt  t  ion  h  s  never  yet 
revealed  the  presence  of  a  causal  pathogenic  parasite  in  the  t^i'O'wth. 

Chromosome  counts  have  been  made  for  a  large  number  of  hardwood 
species,  and  also  in  many  unusual  cases  where  anomalies  were  suspected.   It 
is  apparent  that  irregularities  occur  in  both  basic  chromosome  number  and 
amount  of  natural  polyploidy.  Table  1  gives  the  chromosome  number  for 
several  genera  and  some  of  the  polyploid  species  or  vari  ties.   It  shows  the 
basic  number  is  not  uniform  in  Cornus,  Ilex,  Robinia,  and  Sali...  Also, 
some  very  important  genera,  such  as  Acer,  Betula,  and  Fraxinus  contain  many 
polyploids.   Chromosome  number  has  not  been  determin.d  in  some  species  and 
varieties  of  southern  forest  trees,  and  additional  study  of  this  important 
subject  may  imcover  other  examples  of  polyploidy. 

In  some  genera  of  hardwoods  polyploidy  has  formed  the  b"sis  for 
separating  species;  in  others  the  basis  for  separating  varietie  -   Althou^ 
the  original  specific  and  varietal  classifications  were  made  on  t-he  basis  of 
external  morphological  differences,  these  classifications  were  later  con- 
firmed by  ytological  study.  Some  large  genera  like  Que re us  sho"  no  natural 
polyploidy.  The  genus  Betula  presents  an  interesting  example  of  polyploid 
series,  Darlington  and  Janaki  Ammal  (19^5)  list  19  species  and  5  varieties 
in  thio  genus.   Twelve  species  have  the  diploid  number  of  28  chromosomes. 
There  are  seven  polyploid  species  with  56,  'JO,   or  8^4-  chromosome,-   Paper 
birch,  Betula  papyri f era,  is  a  tetraploid  species  with  56  chromosomes,  and 
varieti  s  cordifolia  and  subcordata  also  have  this  number.  However,  variety 
kenaica  has  70  and  occidentalis  has  8^  chromosomes,   Alnus,  or  alder,  the 
other  genus  in  the  family,  has  28  chromosomes  and  polyploid  types  with  k2   or 
56  chromosomes.   It  is  easy  to  speculate  how  the  present  species  in  the 
Betucac  ae  may  have  developed  from  original  forms  with  n  haploid  niomber  of  7 
chromosomes  (diploid  number  ik) .      It  should  be  pointed  out  that  hromosome 
counts  are  often  made  on  single  trees,  and  more  data  is  needed  before  we  can 
be  certain  the  published  figures  hold  for  a  species  or  a  variety. 

A  number  of  methods  for  inducing  mutations  have  been  in  use  recently, 
and  have  been  particularly  successful  in  aiding  breeding  programs  with  small 
fruit,  vegetables,  and  ornamental  flowers.   The  drug  colchicine  is  effective 
in  doubling  or  multiplying  sets  of  chromosomes,  while  radiation  by  X  rays 
may  cause  changes  in  arrangement.  Trees  with  multiple  sets  of  chromosomes 
may  have  special  value  for  their  increased  vigor  and  size,  as  well  as  for  the 
larger  cell  size.  Duf field  (19^3)  and  Wright  il9kk)   have  suggested  polyploidy 
may  be  responsible  for  the  variation  in  wood  quality  of  some  of  the  hardwoods. 
Wright  (19^^)  found  the  tetraploid  and  hexaploid  white  ash  growing  with  normal 
types,  Nilsson  (19^3)  found  that  triploid  aspens  had  cells  50  percent  larger 
than  those  of  diploid  types,  and  yielded  a  higher  percent  of  cellulose. 
Whether  or  not  chromosome  doubling,  which  results  in  increased  cell  voliame, 
can  be  used  to  create  types  of  hardwoods  that  grow  rapidly  and  still  produce 
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Table  l.--Some  genera  of  hardv/oods  which  show  variation  in  basic 
number  of  chromosomes  or  whose  species  or  varieties 
form  polyploid  Tories 


Genera 


Diploid  species 


Polyploid  forms 


^Species 
'with  diploid 
'chromosomes 


Diploid 
chromosome 
number 


Species  with 

polyploid 
chromosomes 


Chromosomes 

in  poly- 
ploid series 


number 


Number 


dumber 


Number 


Acer  (maple) 

18 

26 

\ 

52,  78,  101+ 

Aesculus  (buckeye) 

k 

•vo 

2 

60,  80 

Alnus  (alder) 

7 

28 

5 

^^,   56 

Betula  (birch) 

11 

28 

9 

56,  70,  61+,  90 

Carpinus  (hornbeam) 

T 

16 

1 

iz,  6h 

Carya  (hickory) 

5 

32 

h 

6k 

Cornus  (dopvood) 
Cornus  (dogwood) 

2 
8 

20 
22 

Diospyros  (iDersimmon) 

5 

30 

2 

60,  90 

Fraxinus  (ash) 

5 

1+6 

1 

92,138 

Ilex  (holly) 
Ilex  (holly) 
Ilex  (holly) 

1 
2 

3^ 
36 
Uo 

Mac!;nolia  (macnolia) 

k 

38 

6 

76,  95,11^ 

Populus  (iDODlar) 

12 

38 

5 

57,  76 

Robinia  (locust) 
Robinia  (locust) 

6 

1 

20 

^2 

2 

30 

Salix  (willow) 
Salix  (willow) 

22 

38 

20 

76,114,152 

Tilia  (basswood) 

7 

82 

\ 

164 

Ulmus  (elm) 

11 

28 

1 

56 
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wood  of  light  weight  has  not  been  proven.  The  possibility  is  indicated 
bj  Johnsson  (1950)^  vho  found  density  of  wood  in  alder  was  lower  in  a 
cross  between  a  polyploid  derived  from  colchicine  treatment  and  a  diploid 
type. 


However,  there  is  some  indication  that  weight  of  wood  increases 
with  increases  in  sets  of  chromosomes  where  polyploid  species  occur  in  the 
same  genera^  No  data  are  available  for  polyploid  forms  of  the  same  species, 
T  ble  2  contains  the  average  weight  of  dry  wood,  as  given  by  Markwardt  and 
Wilson  (1935)>  for  several  spacies  of  magnolia,  birch,  and  hickory  that 
form  polyploid  series.  There  are  many  factors  that  affect  weight  of  wood, 
and  they  may  be  more  important  than  chromosome  number »  However,  the  effect 
of  polyploidy  on  wood  quality  is  a  field  of  work  that  could  profitably  b 
studied  a 
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Table  2. — Relationship  between  number  of  chromosomes  in 

magnolia,  birch,  and  hickory  and  weight  of  wood 


Species 


[      Diploid 
chromosomes 


:Annual  rings :Weight  of  dry 
:per  inch  in  :wood  per  cu- 
:test  samples:  bic  foot 


number 


Num^oer 


Po'.^nds 


Magnolia  fraseri 
Magnolia  acuminata 
Mngnolia  ^randiflora 

Betula  lonta 
Betula  populifolia 
Betula  papyrifera 
Betula  lute a 

Carya  cordiformis 
Carya  laciniosa 
Carya  ovata 
Carya  alba 
Carya  glabra 


38 

15 

31 

76 

Ik 

33 

111^ 

15 

35 

28 

27 

kS 

28 

- 

35 

56 

6 

38 

m 

16 

^3 

32 

11 

k6 

32 

19 

kS 

32 

19 

50 

64 

18 

51 

6k 

20 

52 

Although  it  is  difficult  to  ascertain  if  their  origin  is  by  mutation 
or  through  recombination,  many  variants  in  softwoods  and  hardwoods  have  been 
described^  and,  in  some  cases,  have  been  widely  utilized  m  lands c  ping  where 
unusual  form  or  coloration  can  be  effectively  u  ed,   Rehder  (19UO)  lists 
seven  varieties  of  Scots  pine  that  are  distinctive  in  needle  color,  needle 
length,  width  of  crown,  and  angle  of  branch  to  trunk.   In  addition  to  these 
he  lists  four  geographical  races  that  differ  in  morphological  characters. 
Nine  varieties  of  Austrian  pine  are  listed  that  vary  widely  from  each  other. 
Among  them  is  a  dwarf  globose  form  and  a  prostrate  form.  Wyman  il9k9)   com- 
ments there  are  about  J+O  forms  of  Norway  spruce  nd  Rehder  (19^10)  lists  32. 
Th  latter  divides  them  on  the  basis  of  forms  di  fering  in  color  of  th 
leaves:  columnar  and  narrow,  pryamidal  forms;  pendulous  or  sparingly  branched 
forms;  and  dwarf  forms.   Seven  varieties  of  whit  spruce  are  listed.   Five 
forms  of  white  pine  are  recognized.   There  is  a  orm  with  light  b  uish  green 
needles,  and  another  with  ascending  branches  forming  a  narrow,  pyramidal  head. 
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One  is  a  dwarf  o_  somewhat  conical  compact  bush  with  =hort  needles,  another 
is  a  dwarf.,  loiabre  11a- shape c  bush  with  short  needles,  and  one  has  a  dwarf, 
decumbent  form  with  diffuse  trailing  branches.   Prob^^bly  many  of  these 
variants  are  mutations.   Inasmuch  as  the  horticulturists  have  been  so  su.c- 
cessful  in  selecting  horticultural  form  ,  there  seems  good  reason  to  be- 
lieve that  aitc  as  good  re  ults  might  b-  obtained  by  se:_,cting  for 
economica".ly  valuable  characters  of  interest  to  the  forester. 

H^.rdw  ods  contain  many  varieties  and  offer  a  fertile  field  for  solec 
tion,   Rehder  (19^0)  lists  four  varieties  of  ye  How -poplar.   One  type,  Lirio- 
dendroji  tuliplf  ra  fastigiatum,  is  a  tre  with  upright  branches  forming  a 
narrow,  p , . amid  1  crown.   The  other  thr  e  have  leaves  of  distinctive  shape  or 
color,   -.weet  gum  has  a  vari-et   (Liouid^iba'-  styraciflua  pendula)  that  is 
characterize.'  by  the  deflexed  penduloi  s  ranches  forming  an  almost  columnar 
crown.  Another  variety  has  leaves  with  three  to  five  short,  rounded  lobes. 
Magnolia  grand Lf.ora  Ij'nceolata  has  leav;  s  of  distinctive  shape  and  a  narrow, 
pyramid -lA  habit.   V^rieti:3  of  many  other  sp  .  ies  h  ve  been  described,  and 
some  of  ■  ti-ra  ray  be  of  v  ^lue  to  the  forester.   How-ver,  some  are  described 
on  the  'iSis  of  a  morphol  gical  differenc -  of  little  economic  importance. 
Those  thet  have  eListinctiv  -  and  superior  form  may  be  <^uperior  to  v;ild  types 
for  planting.   These  should  be  carefully  studied  with  this  in  mind. 

In  summari:ing  this  revie  of  the  variu,tion  ;aused  by  mutations,  the 
main  po-nt  ir  that  some  e  tremes  of  form  may  occur  through  change.-  m  one  or 
more  genes  md  that  these  dcsirabi^  or  undesirable  traits  will  occur  in  future 
generations.   Small  mutations  may  ause  slight  differences  between  plants  that 
could  net  be  distinguished  from  th^  effects  of  recombination  and  segregation, 
while  otner  muca.tions  would  cause  much  larger  differences.   The  effects  of  mu- 
tation may  be  e/.pressed  in  mc.ny  forms  because  of  the  large  number  of  ways  in 
which  they  may  take  place.   Some  forms  may  be  valueless  for  most  forestry  work 
while  others  could  be  the  foundation  of  valuable  types.  These  types  may  breed 
true  from  se -d  or  some  of  them  might  require  vegetative  propagation.   Selec- 
tion of  superior  mutants  is  oae  way  of  obtaining  better  types  of  trees,  and 
those  available  now  should  be  studied  by  fortsters^ 


Variation  Between  Populati  ^ns 

A  number  of  terms,  such  as  cline  (a  pattern  of  continuous  genetic  vari 
ation  in  geographic  tpace),  topocline .  and  ecocline  are  used  to  identify  groups 
of  pl-nts  in  which  th^t  differences  in  one  or  m:;re  characters  are  graded  in  a 
definite  direction,  often  with  topography  or  witi.  changes  in  ecological  condi- 
tions. Loblolly  pine  plaited  in  South  Africa  showed  clinal  variation  in  height 
growth  according  to  latitude  of  origin  (Sherry.  19^7).  After  nine  years,  the 
most  growth  had  been  made  by  stock  of  southern  provenance,  and  total  height 
decreased  gradually  for  the  other  provenances  toward  the  north.   Clinil  varia- 
tion is-  often  associated  •  ith  altitudinal  zonee.   Co  d  resistance  and  photo- 
period  responses  often  show  clinal  variation. 

Another  se  of  term^  is  used  to  identify  groups  of  plants  in  which  the 
variations  are  generally  noo  graded  continuousl  "  in  aty  def  nite  direction; 
these  ere  variously  called  ecotypes  (geograpnic  races),  varieties,  subspecies, 
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and  a  whole  host  of  others.   Such  plant  groups  may  vary  either  physiologi- 
cally, morphologically,  or  both,  but  in  any  case  the  variation  is  not  great 
enough  to  cause  the  group  to  be  called  a  separate  species.  Ecotypes,  va- 
rieties, etc.,  are  developed  under  the  influence  of  natural  selection, 
although  occa  ionally  characters  are  developed  that,  on  the  surface  at 
leas..,  have  no  direct  relations  to  environmental  factors.  Commonly  these 
variations  are  thought  to  be  distinct  from  clines,  but  usually  there  is  a 
definite  overlap  and  the  two  cannot  be  distinctly  separated.  The  terms 
used  in  the  above  paragraphs  are  defined  in  more  detail  in  the  glossary. 

A  nimiber  of  important  conclusions  can  be  drawn  from  tho  studies  in 
the  United  States  and  foreign  coimtries  of  seed  source  effects  on  growth, 
form,  and  other  characteristics  of  forest  trees.   A  summary  of  these  is 
given  m  the  appendix.   The  conclusions  of  most  importance  are  (l)  sourc^' 
of  seed  may  have  an  important  effect  on  growth  and  yield  of  pine  and  hard- 
wood plantations,  (2)  our  knowledge  of  best  sources  is  insufficient  to 
guide  the  forestry  work  in  the  South. 

Other  brief  conclusions  are  as  follows:   Some  species  have  more 
strains  than  others;  material  of  southern  provenance  oTten  grows  poorly  in 
the  north  because  of  frost  damage;  some  sources  are  more  disease  resistant 
than  others  because  of  diff^^rences  in  time  of  flushing  or  other  traits  that 
hinder  infection;  it  is  nricessary  to  determine  p"^oper  provenance  for  various 
climatic  areas  because  material  that  does  well  in  certain  areas  or  on  cer- 
tain sites  may  not  do  as  well  in  others,  different  races  may  occur  within 
a  few  miles  of  each  other  and  shov  as  much  difference  in  grov;th  as  mo;  e 
widely  separated  areas;  the  growth  of  trees  from  seed  collected  at  lower  al- 
titudes may  be  greater  than  that  colle^^ted  from  higher  altitudes;  seed  of 
some  foreign  provenance  may  grov  better  than  local  races:  some  variation  is 
continuous  and  the  change  is  gra'ual  over  long  distances,  v/hile  others  are 
discontinuous  and  wide  variation  occurs  within  short  ditances. 

The  problem  of  determining  which  races  or  strains  give  the  higtest 
volume  growth  in  each  of  the  broad  planting  regions  of  t.he  South  is  a  large 
and  important  one.  With  our  present  knowledge  we  can  use  stock  of  local 
origin  and  expect  returns  that  are  about  average  for  that  area,  or  we  can 
use  seed   of  some  other  source  and  expect  to  get  either  average  r  turns, 
greater  returns,  or  lesser  returns. 


I 


32  - 


il 


SELECTION  IN  Ti^E  IMPPOVEMSNT 


Selection  has  a  definite  place  in  forest  tree  improvement-  and  can 
be  carried  out  in  different  ways^  Hayes  and  Immer  (19^2)  have  ouUined  the 
major  types  of  selection  as  follows, 

1.  Mass  Selection 

a^   In  self -pollinated  crops 
b-   In  cross-pollinated  crops 

In  dioecious  crops  (selection  of  both  male  and  female  plants 

for  the  characters  desired) 

2,  Individual  Plant  Selection 

a.  In  -velf- pollinated  crops 

b.  In  cross -pollinated  crops  without  contro^  of  pollinations 

c.  In  ..-ontrolled  self -pollinated  lines  of  cross-pollin:  ted  plants 
do  In  dioecious  crops 

e.   In  crops  normally  clonally  propagated 

According  to  r:i..henG  (19^5)  the  methods  of  selection  used  in  rorestry 
are  mass  selection,  mother  tree  selection,  and  individual  plant  selection. 
This  is  essentially  the  same  as  given  by  Hayes  and  Immer^  but  with  more  empha- 
sis on  selection  of  seed  from  superior  mother  trees  because  of  the  importance 
of  this  method  in  forestry  practice.   In  mass  selection,  seed  from  a  number  of 
superior  trees  is  collected  and  planted  for  several  successive  gen'^rations. 
No  attempt  is  made  to  keep  the  seed  separate  by  individual  trees.   This  is  the 
least  precise  metfiOd  of  selection  because  there  is  no  strict  control  of  parent- 
age on  either  side  and  the  population  remains  genetically  heterogeneous. 
Roguing  nursery  seedbeds  and  immature  stands,  when  making  intennediate  cuts, 
eliminates  inferior  stock  and  favors  perpetuation  of  the  better  types.   Selec- 
tion of  superior  seedlings  from  nursery  beds  is  a  form  of  mass  selection.   It 
has  not  pro'/en  very  effective  in  a  test  at  the  Institute  of  Forest  Genetics 
and  other  tests  in  Europe.  This  technique  has  not  been  adequately  tested  with 
southern  pines,  and  data  a- plicable  to  those  species  are  needed. 

Mother  tree  selection  ::onsists  of  choosing  satisfactory  trees,  after 
progeny  tests,  ied  planting  t ;.e  open-pollinated  seed  for  several  gem  rations. 
Seed  of  each  *:ree  i  '•  epl  separate.   There  is  no  control  of  the  male  parent  in 
this  type  of  selection,  but  there  is  more  emphasis  on  superior  individual 
mother  trees  than  tiere  j.s  in  mass  selection. 

Individual  plant,  selection  followed  by  controlled  pollin-:.tion,  using 
pollen  from  selected  trees,  is  the  most  efficient  method  of  improvement  because 
both  parents  are  known.   It  ie  the  most  expensive  method,  but  if  precision  is 
required  in  improving  certain  traits,  it  is  the  most  practical. 

Selection  of  superior  trees  *n  wild  stands  and  after  hybridization  is  a 
part  of  tree-improvement  programs  in  Sweden,  Denmark,  Canada,  Australia,  South 
Africa,  Great  Britain,  ani  the  United  States  (Sylven,  1939;  Lindquist,  19l+8j 
Syrach  Larsen,  19^9;  Place,  1951,  Fielding,  19^8;  Philp  and  Sherry,  19^6; 
Mathews,  1950-  Lurry,  19^3;  -=  S.  Forest  Service,  19^8;  Brink,  19^9;  Aiion.  1950; 
Ibberson,  1950,  and  ocanlon,  195;  - 
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Hazel  and  Lush  (19^3)  discuss  the  efficiency  of  three  methods  of 
selection,  as  follovs:   "The  'tandem  method'  is  to  select  for  one  trait  it 
a  time  until  that  is  improved;  ther-  for  a  second  trait;  later  for  a  l.hlrd^ 
etc.,  until  finally  each  has  "been  improved  "-,-   the  desired  level.   The 
'tot^l  score  method'  is  to  select  for  all  the  traits  simultaneous!:  "by  using 
some  index  of  net  merit  constructed  by  adding  into  one  figure  the  credits 
and  penalties  given  each  animal  according  to  the  degree  of  its  superiority 
or  inferiority  in  each  trait.   In  the  method  :f  'independent  culling  levels" 
a  certc in  Irvci  of  merit  is  established  for  each  trait^  and  all  individuals 
below  that  level  rre  discarded,  regardless  of  the  superiority  or  inferiority 
of  their  oth.r  tr-^its."  In  discussing  the  features  of  each  method,  Haz-^l 
and  Lush  state:   'In  all  three  methods  there  is  always  the  danger  that  sf^loc- 
tion  will  f' 11  below  its  maximum  efficiency  because  too  much  att-^^ntion  is 
P-.id  to  some  char  coeristics  and  too  little  to  others.   In  the  tandem  method 
that  would  take  the  form  of  selecting  first  or  in  too  many  generations  for 
unimportant  things  while  postponing  or  selecting  too  briefly  for  more  im- 
po^^tant  things.   In  the  total  score  method  that  would  take  the  form  of  using 
' oo  high  values  for  some  characteristics  and  too  low  values  for  others,  or 
making  mistakes  in  estimating  the  heritability  so  that  some  characteristics 
would  be  thought  more  highly  heritable  and  others  less  highly  heritable  than 
they  actually  are:  or  of  lailing  to  consider  properly  tho-  effects  of  gencti:: 
anii  environmental  correlations  between  traits.   In  the  method  of  independent 
culling  lev-Is,  the  culling  level  might  be  s  t  too  high  for  on-  char'ctt-ri. - 
tic,  too  low  for  another. "  They  oon-lude  that:   "Selection  for  a  total 
s^'  re  or  index  of  net  desirability  is  much  more  efficient  than  seleeticn  for 
one  tral'o  ot  a  time.  .  .  .  Selection  for  "fveral  traits  by  using  Independe  t 
culling  levels  for  each  is  more  efficient  than  tandem  selection  for  each 
trait  one  at  a  time,  the  relative  efficiency  increasing  with  the  number  of 
traits  and  intensity  of  culling." 

Selection  for  an  index  which  gives  proper  w.^ight  to  each  trait  will 
probably  be  the  most  fruitful  in  obtaining  improved  varieties  of  tr'^^es, 
Generations  of  trees  are  too  far  apart  to  select  for  one  trait  at  a  time,  as 
in  the  tandem  method.   However,  in  selecting  for  disease  resistance  Ic  may 
be  advisable  to  attach  the  most  importance  to  this  one  character.   Before  se- 
lection will  be  most  effective  we  will  have  to  obtain  data  on  the  economic 
importance  of  each  trait  and  its  heritability.   Selection  can  then  be  made 
for  combinations  of  traits  with  a  high  value  as  indicated  by  the  product  of 
its  heritability  and  its  economic  vilue.   The  total  value  is  the  sum  of 
these  products. 

Hazel  (19^3)  discussed  tt.e  genetic  basis  for  constructing  selection 
indexes.  He  reviewed  the  use  of  the  discriminant  function  for  wheat  selec- 
tion as  used  by  Smith  (1936).   Hazel  presents  a  multiple  correlation  method 
of  constructing  selection  indexes  having  maximum  accuracy  for  swine  breeding. 
The  following  constants  must  be  known  in  order  to  solve  the  simultaneous 
equations: 

1.  Relative  economic  values  for  the  different  traits 

2.  Phenotypic  constants 

a.  Standard  deviations  for  each  trait 

b.  Correlation  between  each  pair  of  traits 

3.  Genetic  constants 

a.  Heritability  of  each  trait 

b.  Genetic  correlation  between  each  pair  of  traits 
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other  studies  in  methods  of  selection  are  those  by  Simlote  (19^^-7), 
discug'sing  application  of  discriminant  function  for  selection  in  durum 
wheats,  and  Robinson.,  Comstock,  and  Harvey  (1951),  v/ho  propose  a  method  of 
separating  genotypic  and  phenot;\MDic  variation  and  construction  of  a  selec- 
tion index  for  corn. 

Mather  (19^9)  has  listed  the  various  factors  affecting  the  speed 
of  the  selective  progress.   Selection  may  not  have  the  significance  wiihin 
a  short  period  of  time  in  improving  succeeding  generations  of  forest  trees 
that  it  does  with  annual  cropc,  but  the  factors  teat  control  progress  are 
of  interest  because  they  indicate  some  of  the  variation  we  may  find  between 
species.  We  know  the  genetic  make-up  of  some  specie--  is  quite  diff-rent 
from  that  of  others,  and  accordingly  we  should  expect  some  differences  be- 
tween species  in  the  ty^c   of  improvements  that  can  be  made.   The  speed  of 
selective  progress  will  depend  on; 

1.  Rigor  of  selection 

2.  Number  of  genes,  as  organized  into  effective  fa.tcrs 

3.  Variation  in  magnitude  of  aetio:_  of  the  genes  or  i  ctors 
h.  Their  dominance  relations 

5-   Their  linkage  relations 

6.  The  size  of  the  contribution  of  nonheritable  agents  to  the 

F2  variation 

7.  The  sampling  variances  of  the  genotype  frequencies  in  progeny 

It  has  been  indicated  that  selection  of  superior  plants  from  wild 
stands  and  in  successive  generations  of  control-bred  plants  is  consideri-d 
an  important  part  of  plant-improvement  programs.   However,  as  far  as  se- 
lection of  trees  is  concerned,  practically  no  work  has  been  done  toward 
developing  techniques  for  selection.  There  is  need  for  studies  in  natural 
variation  to  establish  the  range  of  variation  for  traits  of  economic  im- 
portance in  commercial  species,  and.  also,  to  learn  the  proportion  contri- 
buted by  the  environmental  factors  as  opposed  to  genetic  factors.  Well- 
designed  progeny  tests  with  material  from  knowa  parents  will  provide  data 
on  the  latter. 

Some  of  the  variation  in  traits  of  economic  importance  for  com- 
mercial species  is  discussed  in  the  next  section. 
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SELECTION  FOR  SINGLE  TRAITS 


Selection  vill  be  used  by  practicing  foresters  in  seed  collection 
and  timber  marking  for  both  intermediate  cuts  and  the  regeneration  cuts 
In  all  of  these  the  primary  consideration  will  be  for  the  best  traits  in 
combination.   In  other  words,  the  silviculturist  evaluates  the  entire  tre 
in  relation  to  others  in  the  stand.  Other  fore'-ters,  such  as  those  work- 
ing in  tree  improvement  or  studying  natural  variation,  may  bf-:  primarily 
concerned  with  evaluating  individual  traits  of  which  there  may  be  a  srrecit 
many,  as  well  as  combinations  of  traits  that  make  trees  worth  more,  Th'se 
two  objectives  require  somewhat  different  approaches  and  will  be  considered 
separately.  Single  trails  form  the  basis  for  combination,  so  they  will  b- 
discussed  first. 

Selection  of  superior  trees  for  single  traits  as  well  as  for  com- 
binations will  be  necessary  in  tree -improvement  work.   Selection  plus  hy- 
bridization, involving  different  species  as  well  as  the  same  species, 
proiides  an  opportunity  for  combining  a  number  of  superior  traits  that 
would  never  occur  under  natural  conditions.  While  desirable  combination 
of  traits,  such  as  vigor,  qaaljty,  '^nd  resistance  to  pests,  is  of  some  im 
portance,  it  s  not  criticai. .   It  is  much  easi-^r  to  fiid  individual  tr  c^ 
that  have  the  extreme  of  one  cnaracter  than  of  two  or  three  desirable  ones. 
If  found,  the  latter  should  be  used  of  course,  but  to  deliberately  scorch 
for  them  may  be  a  time-consuming  job  and  not  very  productive  in  comparison 
with  results  from  methods  of  ircproving  trecs  by  a  program  of  controlled 
breeding  along  with  selection..   In  forest  stands  cross  pollination  usually 
occurs  between  trees  that  are  fairly  close  to  e-^ch  other.  Wind -borne 
pollen  may  travel  for  long  distances,  but  usually  the  volume  is  insuffi- 
cient to  cause  widespread  pollination.   Thus,  single,  outstanding  trees, 
if  widely  spaced,  aren't  apt  to  cross  pollinate  and  produce  seed  in  volume. 
Buell  (19^7)  collected  pollen  at  distances  up  to  one-quarter  mil  from  a 
shortleaf  pine  stand  and  found  at  a  quarter  of  a  mile  about  a  te  th  of  the 
pollen  falling  within  the  forest  itself  can  be  expected.  For  th  -  first 
tenth  mile  the  amount  drops  rapidly  and  beyond  ^hat  distanee,  gradually. 
The  Northeastern  Forest  Experiment  Station  (195O)  found  that  spruce,  fir, 
oak,  and  pine  yielded  little  viable  seed  except  where  trees  of  th :  same 
species  were  growing  close  by.  For  white  pine,  prod ^ct ion  of  viable  seed 
was  only  0„3  to  1.8  per  cone  on  trees  isolated  from  pollinating  neiP"hbors 
by  200  feet  or  more.   Isolated  trees  may  produce  seed,  but  much  o-  it  may 
be  empty. 

Selection  for  single  traits  as  part  of  research  permits  more 
choice  of  area?  in  which  to  work,  the  standaids  are  higher,  ma  th^  vaiety 
of  traits  studied  will  be  much  broader.   Careful  choice  of  areas  m  which 
to  work  is  of  primary  importance  ,  and  it  sLould  ";:.e  possible  to  eliminate 
much  of  the  phenotypic  effects  by  careful  selection  of  stands   ..he  physical 
features  of  the  area,  such  as  topography,  soil,  moisture  condition,  and  ex- 
posure, should  be  as  uniform  as  possible.   Likewise  the  stand  should  be 
even-aged,  and  the  trees  should  be  evenly  spaced.  Wider  spacmgo  er_-  de- 
sirable because  competition  has  less  effect  on  any  one  tree  and  -:lso  a 
better  estimation  of  crown  form  is  p:.ssible.   Planted  stands  with  rather 
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wide  spacing  on  level,  old  fields  are  about  the  best  places  in  which 
to  worko   It  is  realized  that  conditions  such  as  these  don't  occur 
very  often,  particularly  with  hardwood  species,  because  few  have  been 
planted.   However,  there  is  usually  a  choice  of  areas  so  that  the 
best  under  loc^l  circumstances  can  be  used.   If  racial  variation 
occurs  within  the  species,  the  better  races  should  be  scouted  for 
superior  individual  trees  to  determine  the  b:;'st  trees  in  the  best  race. 

Construction  of  frequency  distribution  curves  to  establish  the 
limits  of  natural  variation  is  an  important  part  of  selection  work, 
until  experience  is  gained  in  selecting  by  eye.   These  curves  will  re- 
flect mostly  genetic  variation  if  the  data  for  them  are  taken  in 
stands  where  environmental  factors  are  uniform.  Distribution  curves 
indicate  the  proportion  oi  the  population  that  will  fall  under  various 
levels  of  selection,  ind  also  the  rate  of  advance  under  selection  if 
they  are  skewed.   Ha: el  and  Lush  (19^3)  state:   "When  the  population 
is  skewed  with  th^:-  long  tail  of  the  distribution  toward  low  merit, 
progress  is  faster  ''ith  mild  selection  and  less  rapid  with  very  intense 
selection  than  in  a  truly  normal  curve.   If  the  long  tail  of  the  dis- 
tribution is  toward  hi^h  merit,  the  reverse  is  true--progre.-s  is  a 
little  less  vith  light  selection,  but  a  little  more  with  intense  se- 
lection." 

If  the  fiela  selections  are  t:  be  verified,  they  should  be 
followed  through  --'ith  progeny  tests  for  the  final  estimation  of  the 
genotype.   Such  ^.esz--   are  expensive  and  usually  only  the  very  best  trees 
can  be  studied  in  such  detail.  Thus,  the  standard;  by  which  trees  are 
selected  should  be  very  high.   Usually  it  will  be  desirable  to  mak^-  a 
survey  of  the  range  of  natural  v;=riation  in  the  particular  characters 
to  be  studied  so  the  upper  limits  will  be  known.  Also,  it  is  possible 
to  reject  some  trees  because  of  undesirable  secoidary  traits. 

Selections  may  be  made  for  a  lar ^^e  number  of  single  traits,  es- 
pecially in  the  field  of  ■Jcod   qv.ality  and  resistance  to  fungi  and  in- 
sects»   Such  studies  will  require  special  planning  to  meet  the  immediate 
objectives  in  regard  to  species  and  utilization.  The  discussion  by 
Koehler  (1939)  of  heredity  versus  environment  in  improving  wood  in  forest 
trees  will  be  helpful  to  those  planning  to  make  selection  for  quality. 

Selection  for  vigor » --One  of  the  first  steps  in  selecting  trees 
for  vigor  is  to  study  the  rang-:;  in  growth  lates  for  thj  particular 
speci:-s.   There  are  not  many  data  of  Ihis  type  because  in  the  past  the 
emphasis  has  been  on  determining  average  growth  for  a  stand  or  area  rather 
than  the  extremes.   The  curves  for  planted  stands  of  slash  pine  are  ex- 
aiaples  of  data  of  this  kindo  Figures  17  and  l8  show  the  diameter  and 
height  frequency  distribution  for  plantations  8  and  15  years  of  age.   In 
both  cases  maximum  diameter  is  about  ^,0   percent  larger  than  the  average. 
Basal  area  of  the  largest  trees  is  about  I30  percent  (2.3  times)  greater 
than  that  of  the  average  tree.  There  is  also  a  rather  wide  variation  in 
total  height.  Frequency  distribution  curves  such  as  these  are  useful  to 
show  variation  in  plantations  of  southern  pines  because  there  is  not  much 
variation  in  soils,  as  compared  with  mountainous  areas,  and  spacing  is 
relatively  even.  All  the  variation  niay  not  be  from  genetic  causes,  because 
planting  technique  may  have  been  faulty  in  some  cases, 
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Figure  17. — Frequency  distribution  curves  for  pleintation  slash  pine  after  l6  grow- 
ing seasons.  There  are  202  trees  on  a  1-acre  plot.  The  diameter  curve  (upper) 
shovs  that  most  of  the  trees  eire  between  6  and  Ik   inches,  and  average  9  inches. 
The  largest  trees  are  55  percent  larger  than  the  average  tree.  The  basal  area 
curve  (lower)  shows  the  largest  trees  are  13O  percent  larger  thsui  the  average  tree. 
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Figure  l8. --Frequency  distribution  curves  for  slash  pine  in  a  5-a'Cre  plantation  on 
a  uniform  site  after  8  growing  seasons.  The  height  curve  (upper)  shows  the  tall- 
est trees  are  30  percent  taller  than  the  average  tree.  The  diameter  curve 
(center)  shows  that  some  trees  are  60  percent  larger  than  the  average  tree.  The 
basal  area  of  some  trees  (lower  curve)  is  I30  percent  larger  than  average. 
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In  uneven-aged  stands  or  in  areas  where  site  changes  rapidly  in 
short  distance,  other  standards  for  selecting  plus  trees  may  be  d-isirsble. 
In  Sweden,  Scots  pine  is  selected  for  form  and  vigor.   Some  of  the  require- 
ments, according  to  Lindquist  (19^8)  are:   "As  regards  the  cubic  contents, 
experience  has  shova  that  elite  stems  should  have  at  least  50  percent  more 
volume  than  the  average  of  the  three  next  biggest  trers  in  the  iram->diate 
vicinity.   In  selecting  such  trees,  the  slendern.  ss  of  thr  branchf-s  should 
be  balanced  against  th..  vigor  of  growth,  but  in  such  a  way  that  no  tr^  ,s 
are  chosen  outsic..  the  slender-crowned  type,  and  no  s  lection  of  extr  mely 
slender-branched  tre'^s  is  done  outside  th"^  fully  dominant  type."  Lind- 
quist also  lists  requirements  for  superior  hardwood  tre'-^s  of  sev-ral  sp  cies. 

Regardless  of  species,  the  plus  trees  should  be  rateJ  on  th':^  basis 
of  their  superioiity  over  average  tr-^s,  and  the  mor^  tr- >  s  used  to  d  "t  rmine 
the  average  the  better,  if  the  site  remains  uniform.  A  comparison  with  20 
or  25  trees  on  the  same  site  is  more  reliable  than  many  times  that  number 
scattered  over  a  large  area  where  the  site  varies. 

The  standards  for  selecting  trees  for  vigor  will  be  much  asicr  to 
set  up  after  some  progeny  tests  are  mad-'  for  each  species;  lintil  then  it 
is  a  matter  of  judgment.   Standards  for  superior  tre.-s  should  be  high  and 
chosen  aftei'  some  field  study  of  th'  ^rp -cies  has  be^n  mad;.   Only  a  r^  latively 
fe"/  tre~s  ean  be  us'^^d  in  progeny  t^sts,  so  only  those  that  are  very  outstand- 
ing should  be  selected. 

For-fsters  should  not  expect  ct  tr^e -improvement  or  tree-breeding  pro- 
ject to  re.-r:ove  the  need  for  silvicultural  treatment.   These  two  fields  of 
work  should  supplement  each  other,  but  are  not  int-r change able.  Regulation 
of  groving  space  plus  judicious  pruning  and  roguing  in  thinnings  by  removing 
undesirable  types  are  very  practical  methods  of  controlling  both  vigor  and 
quality.  This  applies  particularly  to  the  slow-growth  versus  rapid-growth 
eonteoversyo  Arthur  Koehler  of  Forest  Products  Laboratory  had  this  in  mind 
when  he  wrote;   "Wood  of  very  rapid  growth  of  some  species  has  been  found  to 
have  some  very  undesirable  prop  rties,  but  that  was  true  for  trees  that  had 
a  large  amount  of  growing  space,  at  least,  while  young.   In  a  nearly  fully 
stocked  stand,  I  don't  think  that  we  need  to  woriy  about  too  rapid  growth  of 
individual  trees  so  far  as  wood  quality  16  concerned,  provided  the  stand  is 
kept  well  stocked  from  the  beginning.  Ther:  may  be  a  tendency  in  managed 
stands  to  keep  the  stand  somewhat  understocked,  go  as  to  get  a  greater  amount 
of  growth  per  tree.   It  is  there  where  a  question  may  come  up  wh-ther  too 
much  quality  is  sacrificed  for  quantity,  and  that  depends  on  the  species  and 
what  the  wood  is  to  be  used  for.  Another  important  factor  is  to  kec-p  the 
rate  of  diameter  growth  fairly  uniform  within  a  tree,  since  wide  rings 
around  the  center  and  narrow  ones  toward  the  outside  do  not  make  for  the  best 
kind  of  wood.  So  far  as  breeding  timber  is  concerned,  it  seems  to  us  that 
there  need  b-  no  goal  or  limit  for  rate  of  growth.  The  faster  it  will  grow 
per  acre,  the  better;  the  width  of  rings  and  coordinated  properties  can  be 
regulated  by  density  of  stocking." 

Selection  for  quality, --Improvement  in  quality  may  be  divided  into  two 
fields  of  work.  One  is  that  concerned  with  external  characteristics,  such  as 
branch  size,  crown  width,  stem  taper,  stem  straightness,  and  pruning  ability. 
The  other  is  concerned  with  the  wood  itself  where  characters  such  as  density. 
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fiber  length,  grain  straightness,  chemical  conposition.,  and  many  o  -  - 'rs 
are  important o   Improving  the  quality  of  wood  "by  selection  ana  b"*- :  ding 
is  an  important  field  of  work^  and  at  th:  same  time  a  rather  complicated 
oneo  However,  it  ler.ds  itself  very  well  to  specialization,  and  it  is 
her.;  that  perhaps  the  most  may  be  accomplished.   It  may  be  easier  to 
separate  forms  from  the  wild  species  that  will  be  better  adapted  to 
certain  products  than  the  run-of-the-mill  wild  stocko  This  will  not  re- 
raov*  the  need  for  types  suitable  for  all-round  us..  ,  but  the  e  is  ne'-d 
for  botho   It  is  difficult  to  imagine  one  type  of  hybrid  corn  that  would 
be  as  suitable  for  popping ;,,  table  use,  and  fattening  livestock,  as  the 
three  types  which  we  no.'  have,  each  of  which  contains  many  varieties » 
Specialty  woods  are  probably  of  more  importance  for  furniture  or  veneer, 
pulps  or  wood  derivative;;  than  for  lumber. 

Not  many  studies  have  been  made  of  n  -tural  variation  in  wood 
quality  in  the  pines ^  and  others  will  be  necessary  befor  much  selection 
or  breeding  can  be  done  for  anything  other  than  volume  growths  The  de- 
mands of  the  pulp  industry  may  have  a  bearing  on  this  because  of  the 
variety  of  products  they  makeo   The  yield  of  pulp  obtained  from  southern 
pines  ranges  from  about  95  pe'."ent  by  weight  for  groundwood  pulp  to  k^   to 
43  percent  for  sulfite  an"'  sulfate  pulps,   2he  requlr-m^ets  of  a  superior 
pulp  tree  cl-:p.:nd  on  its  use.   For  example-  for  the  production  of  pulps  to 
b':^,  made  into  paper  requiring  good  forma.tion  and  smooenn:  ss  of  surface,  a 
good  bursting  strength  and  tensile  strength,  but  not  high-tearing  strength, 
pine  wood  containing  a  relatively  high  volume  of  sp.v-ingwood  is  likely  to 
ee  more  satisfactory  than  wooe  containing  a  hig-'-  amount  of  summcrwood. 
On  the  other  hand,  for  papers  and  boards  in  which  low  porosity  and  high 
resistance  to  tearing  are  d:-sii'"eele^  and  smoothness  and  bursting  str  ngth 
not  so  impor'.ant,  wood  containing  larger  amounts  of  summerwooa  may  be  ex- 
pected to  give  better  results.   For  mechanical  pulping  and  sulfite  pulp- 
ing, fast  growth  is  preferable  to  slower  growth,  particularly  if  the  latter 
contains  an  appreciable  amount  of  heartwood.  Since  the  yiel  of  pulp  on  a 
volume  basis  increases  with  the  density,  it  is  desirabl^^-  to  produce   wood 
with  as  high  a  specific  gravi'. y  as  possible,  commensurate  with  the  other 
properties  dcsirec^  Whether  or  not  strains  of  trees  thc^t  inherently  pro- 
d;ice  wood  of  these  types,  combined  with  suitable  silvicultural  practices, 
can  be  developed  remains  to  be  seen^   The  veneer  industry,  unaer  present 
standards,  prefers  fast-grown  wood  with  little  differ .mce  between  spring- 
wood  and  suramerwoodo 

The  breadth  of  the  field  of  work  in  wood  improvement  is  indicated 
by  the  summary  prepared  by  Arthur  Koehler,  of  the  Forest  Products  Labora- 
tory, at  the  request  of  the  division  of  forest  genetics  of  the  Northeastern 
Forest  Experiment  Station,  The  list  is  repeated  in  full  and  gives  the 
characteristics  to  aim  for  in  breeding  certain  species « 

Straight  stems 

Minimum  butt  flare 

Ear ly  se If -pr uning 

Resiscance  to  decay  witf.in  en  economic  rotation  period   )   all  species 

Rapid  height  growth  for  volume  and  distance  between  knots 

Rapid  basal  area  growth  per  acre 

Straight  grain  (except  where  figured  wood  is  desired) 
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Wide  sapwood  -  Abies,  Acer,  Betula,  Fraxinus,  Tilia 

Narrow  sapwood  -  Juglans,  Pinus  (white  pine  particularly'^,  Cuercus 

Long  fibers  -  Abies,  Picea,  and  Pinus   (This  is  not  so  import  in t  for 
paper  making  as  some  think  it  is,  because  the  fibers  are 
broken  up  more  or  less  in  the  beater.  An  increase  of  10  per- 
cent in  fiber  length  would  mean  little.) 

Figvired  wood  -  Acer,  Betula,  and  Juglans   (The  value  of  figured 

wood  is  so  much  more  for  certain  species  that  it  should  be 
a  lucrative  field  for  tree  breeding.) 

Density  -  High  density  for  Abies,  Acer,  Betula,  Fraxinus,  and  some 
Quercus-  (This  could  be  obtained  largely  automatically  in 
stands  kept  growing  vigorously  by  thinning,  except  in  Abies, 
Picea,  and  Pinus,  in  which  the  density  of  the  wood  decreases 
in  rapid  growth.)  Low  density  is  desirable  in  Liriodendron, 
Juglans ,  Prunus ,  and  some  Quercus,  on  account  of  tase  of 
working  and  low  shrinkage.   Low  density  and  rapid  growth  per 
tree  in  these  species  usually  do  not  go  together.   It  would 
be  a  question  as  to  which  is  more  important. 

Strength  -  High  strength  for  Acer,  Fraxinus,  Pinus,  and  somv  Quercus 

Durability  of  heartwood  -  Pinus  and  Quercus  (white-oak  group  only),  con- 
pare  difference  between  ordinary  and  shipnnst  black  locust 

Ease  of  surface  finishing  ) 

Low  shrinkage  ) 

Freedom  from  excessive  warping  (sweet  gum  particularly)  )  ill   species 

■^apid  drying  without  serious  degrade  ) 

Ease  of  penetration  with  preservatives  ) 

Ease  of  pulping  and  bleaching  ) 

Branching  habit  may  be  important  in  determining  spacing  of  plan- 
tations, rate  of  natural  pruning,  and  the  volixtne  of  the  clear  wood  in  the 
tre:.  Slender  crowns  are  preferred  over  broad,  and  small  branches  over 
large.   The  reasons  are  rather  obvious  and  probably  not  worth,'^  of  further 
discussion.  We  should  remember  though,  tha\.  branch  habit  should  be  con- 
sidered as  secondary,  and  important  only  as  it  affects  th   conomic  yield 
of  the  tree.  We  don't  want  to  sacrifice  vigor  or  seed  production  for  the 
sake  of  having  small  knots  in  the  wood  unless  smaller  knots  will  raise  the 
value  of  the  wood  product.  On  the  other  han  ,  ther .  is  little  point  in 
having  a  lot  of  volume  in  large,  massive  branches  if  we  can  obtain  good 
growth  without  it. 

The  angle  of  the  branch  with  the  horizontal  is  of  some  importance. 
Where  it  is  large  and  the  limbs  extend  upward  and  outward,  they  do  not 
prune  as  quickly  as  horizontal  branches  that  becom-^  shaded  much  earlier. 
Loblolly  pine  has  this  undesirable  type  of  branching  and  it  probably  could 
be  improved  by  selection.  The  tree  in  figure  l6  is  an  example  of  a  fairly 
open-grown  tree  that  is  very  poorly  pruned.   Crosses  of  loblolly  pine  with 
longleaf  pine  usually  show  the  branch  habit  of  loblolly  pine,  as  far  as 
number  and  form  of  the  branches  are  concerned,  but,  in  addition,  the 
branches  are  large  in  diameter,  similar  to  those  of  the  longleaf  parent. 
Segregation  of  more  desirable  types  may  occur  in  the  Fp  g'^^neration  which 
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could  be  observed  by  growing  seedlings  from  open-pollinated  seed  of 
natural  hybrids . 

There  may  be  an  opportunity  to  select  strains  that  give  higher 
than  average  yields  of  pulp  because  they  have  less  lignin  in  the  wood. 
Nilsson  (19^3)  cites  cases  of  variation  between  trees  in  the  amount  of 
lignin  of  Scots  pine  and  spruce,  and  also  spruce  from  different  parts 
of  Sweden.   In  spruce  and  pine  he  found  differences  in  chemical  com- 
position of  the  wood,  and  a  big  difference  m  yield  of  sulphate  and 
sulphite  pulp.  Resin,  lignin,  and  cellulose  varied  frx^m  Oo52  to  2.73 
percent^  26.3  to  31-2  percent,  and  48«1  to  55-5  percent   There  was 
some  difference  in  the  wood  betv/een  ramets  (sec  glossary)  of  some 
aspen  clones,  but  not  as  large  as  between  clones.   Fiber  length  was 
found  to  vary  also.   The  samples  were  selected  at  random ^^  and  wider 
extremes  may  occior. 

Selection  or  creation  of  polyploid  forms  of  hardwoods  may  be 
desirabl--; .   Cells  of  certain  plants  which  have  double  the  usual  sets 
of  chroraos'mes  may  be  50  percent  larger  than  m  normal  typeSo   This 
has  been  advanced  by  Duf field  (19^3)  as  a  possible  cause  for  some  of 
the  variation  in  wood  of  red  maple  and  by  Wright  (19^^)  for  white  ash, 
which  co.tii-  polyploid  types »   Johnsson  (1950)  found  in  a  polyploid- 
diploid  cross  of  alder  that  the  specific  weight  of  the  dry  wood  was 
lower.   .--.If-o,  Nilsson  (19^3)  found  the  cells  of  a  triploid  aspen  in 
Sweden  were  50  percent  larger  than  those  of  diploids.  Ihus,  changing 
the  n\arabe:r  of  sets  of  chromosomes  may  be  a  technique  for  obtaining 
types  of  hardwood  trees  that  form  relatively  light  wood  even  though 
they  grow  rapidly.   Unlike  pine,  rapid -growing,  ring-porous  hardwoods 
produce  :r;?dvier  wood  than  slow-gro^Ting  trees. 

Sylven  (19-+2)  reported  results  of  analyses  of  annual  ring 
breadth,  the  autumn  w:od  percentage,  the  volume  weight,  and  the  content 
of  resin,  lignin,  and  lellulose  of  1^9  different  70-year-old  central 
European  spruces  in  Sweden.   Spruces  of  different  branching  types  gave 
similar  values,  but  the  breadth  of  annual  ring  was  demonstratively 
greater  m  comb  spruce  variety  than  in  the  brush  spruce  or  the  "plane" 
spruce  varieties «   The  analysis  showed  the  existence  of  large  differ- 
ances  between  trees  which  might  well  be  of  importance  in  breeding  for 
quality.   In  comb  spr  .r^,  for  example,  the  resin  content  varied  from 
0<,74  to  '^.Ik   percent  (on  a  dry -matter  basis),  the  lignin  content  from 
26.3  to  29 o 9  percent,  and  the  cellulose  content  from  ^9»3  "to  5^08 
percent. 

Selection  for  durability  of  the  wood  may  be  important  in  species 
such  as  the  oaks  and  black  locust.  From  a  stiiiy  of  the  decay  resistance 
of  four  white  oiks  (white  oak,  Oregon  white  oak,  chestnut  oak,  swamp 
chestnut  oak)  and  three  red  oaks  (northern  red  oak,  scarlet  oak,  black 
oak),  Scheffer,  Englerth,  and  Duncan  (19^9)  concluded  that:   "Individual 
trees  of  tne  same  species,  of  approximately  the  same  size,  and  in  the 
same  locality  differed  markedly  from  one  another  in  resistance.  This 
was  true  of  all  :'our  species  examined,  but  especially  so  of  white  and 
swamp  chestnut  cak.   This  variability  in  resistance  among  trees  appeared 
to  be  attributable  more  to  genetic  differences  than  to  differences  in  the 
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environmevit  of  the  trees.   The  possibility  presents  itself,  therefore,  of 
selecting  and  propagating  oak  trees  vith  wood  having  not  only  a  longer 
hut  "Iso  a  more  uniform  service -life  expectancy."  Hopp  (19+1)  he s  empha- 
sized the  importance  of  selecting  black  locust  for  wood  quality.  Scheffer 
and  Hopp  (19^9)  tested  the  decay  resistance  of  shipmast  locust,  a  variety 
called  Flowerfield,  and  common  locust.   They  found  on  the  average  that 
the  Floverfield  strain  decayed  the  least,  the  shipmast  somewhat  more,  and 
the  common  l0';ust  considerably  more.   Black  locust  has  several  varieties, 
and  the  gcn;s  Robini  itself  is  variable  in  its  cytology.   Some  spe:;cic5 
have  10  diploid  chromosomes,  two  are  triploids  with  15  diploid  chromosomes, 
and  one  race  has  been  reported  with  11  diploid  chromosomes,   Sel-^ction 
shoulj  be  very  profitable  in  a  species  where  such  vide  genetic  variability 
occurs , 

From  a  study  of  the  wood  from  23  yellow- poplar  trees,  Erickson 
(19^0)  found  indications  that  specific  gravity  decreased  as  rate  of  growth 
decrr&s«d,  but  rate  of  growth  was  not  closely  correlated  with  rpecific 
gravity.  Only  23  percent  of  the  variance  of  ill  the  samples  could  be  ex- 
plai:,,ed  by  the  variation  in  the  rate  of  growth.  For  20  of  the  trees  the 
regr"  .^sion  coefficients  were  negative  values  and  fol*  thi^  other  three  they 
were  positive.  Thus,  it  may  be  possible  to  select  strains  of  yellow-poplar 
that  grow  rapidly  and  yet  produce  light  wood. 

Selection  for  resistance  to  disease  and  insect  pests. --Select ion 
for  r-Sj..stance  to  common  enemies  of  forest  trees  should  have  an  important 
place  in  plant-improvement  work.  Damage  of  this  type  not  only  causes  loss 
of  individual  tro-s  but  reduces  quality  and  growth  aniS  complicates  marking 
fo!'  intermediate  cuts.  Resistant  ^trains  would  reduce  the  loss  of  seed- 
lings in  the  nursery  and  throughout  the  life  of  the  stfend,  anl  would  result 
in  an  increase  In  total  yield  of  wood  per  acre.   Rcsis'tance  to  certain  in- 
sects and  diseases  has  bien  demonstrated  to  be  heritable,  and,  in  some 
cases,  like  mimosa  wilt,  some  individual  trees  developing  f :  om  open-polli- 
nated seed  of  resistant  mother  trees  are  themselves  resistant. 

A  number  of  diseases  cause  large  losses  in  southern  pine.   Probably 
most  important  is  Cronartium  f us  if orme ,  the  rust  canker.   It  is  particularly 
damagii,;^  to  slash  and  loblolly  pine.   Some  slash  pine  treeb  may  be  resistant, 
because  disease-free  trees  have  been  observed  in  plantations  where  75  percent 
of  the  trees  are  infected.  Some  of  the  disease-free  trees  may  be  the  largest 
and  most  rapid -growing  trees  in  the  stand.  This  is  in  contrast  to  observa- 
tions which  show  that,  in  general,  fast-growing  trees,  or  those  fertilized  or 
cultivated,  are  more  susceptible  to  this  disease  than  slow-growing  trees. 
Rapid-growing  trees  that  have  escaped  infection  in  heavily  damaged  stands 
should  be  tested  for  resistance  to  the  disease. 

Selection  and  breeding  for  disease  resistance  has  been  common  in  hor- 
ticult\ire,  and  with  certain  tree  species  such  as  chestnut  and  white  pine. 
The  techniques  that  have  been  worked  out  vary  somewhat  according  to  the  na- 
tvire  of  the  disease  because  testing  prog  ny  for  resistance  is  a  specialized 
job.  In  his  book,  "Principles  of  Plant  Infection,"  Gauraann  (1950)  makes  the 
following  statement  concerning  inheritance  of  resistance  in  plants:   "The 
innate  infection  and  disease -resistance  capacities  depend  on  a  number  of  very 
heterogeneous  conditions.  Only  seldom  do  they  depend  on  a  single  factor,  but 
mostly  they  are  the  result  of  the  interplay  of  heterogeneous  elements,  such 
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a  r'='sistance  to  attack^,  penetration  or  spread,  anti-infectional  and 
anti-toxic  def'^-nse  reactions,  and  induced  tol.  ranee .  Accordingly,  their 
mode  of  liiheritance  is  very  complex^   Certain  factors  associated  with 
resistance  are  inherited,  as  also  are  certain  functional  capacities 
associated  with  the  defense  reactions;  the  final  result  (the  resistance 
to  disease  as  measured  experimentally  in  laboratory  and  field  trials)  is 
produced  by  spatial  and  te.aporal  cooperation  of  all  these  factors.  The 
following  facts  are  basic: 

lo  Resistance  to  any  one  disease  is  usually  inherited  as 
a  unitary,  genetic  complex,  entirely  independent  of 
resistance  to  any  other  disease, 

2.   For  specialized  pathogens  (and  these  form  the  over- 
whelming majority)  the  resistance  to  each  single 
strain  is,  as  a  rule,  inherited  as  a  -unitary,  monova- 
lent,  genetic  complex,  more  or  less  independent  of 
the  resistance  complexes  against  other  strains  of  the 
pathogen," 

Selection  for  resistance  to  temperature  extremes  --This  is  an 
important  factor  in  choosing  strains  or  races  for  use   outside  th'^ir 
natural  range  or  near  the  northern  limits.  Damage  from  freezing  may 
occur  when  seed  of  southern  provenance  is  grown  in  northern  areas  or  at 
higher  altitudes «   Shortleaf  pine  from  areas  in  the  southern  part  of  its 
range  is  injured  in  Pennsylvania,  while  tref=>s  of  local  sources  are  un- 
injured. We  may  find  that  generally  in  this  hemisphere  plants  may  be 
moved  toward  the  north  or  from  lower  to  higher  elevations  and  grow  more 
rapidly  than  local  plants,  provided  they  are  not  moved  so  far  that  they 
suffer  from  frost  damage. 

Selection  for  secondary  products o ---Some  tree  species,  particularly 
those  producing  edible  nuts  or  valuable  oils,  may  be  as  valuable  for  these 
products  as  for  the  wood.   There  are  good  opportunities  for  selecting  su- 
perior types  because  of  the  wide  variability  in  the  wild  stand.   The  TVA 
has  selected  some  k2   varieties  of  black  walnut So   The  Stuart  variety  of 
pecan  is  a  selection  that  is  still  popular  alter  many  years »   Honey  locust 
trees  have  been  selected  for  higher  sug  r  content  in  the  pods,  xvhich  are 
suitable  for  cattle  feedo   Sugar  maple  trees  have  been  selected  for  high 
sugar  content  in  the  sap. 

Selection  of  slash  and  longleaf  pine  for  high  oleoresin  yield  is 
important  in  the  naval  stores  region,  and  individual  trees  producing  2,5 
times  the  average  have  been  foimd  (Dorman,  19!30),   Laurie  (19^1)  lists  2k 
species  of  Indian  trees,  some  of  which  exhibit  individual  or  racial  varia- 
tion in  yield  of  oil,  resin^  or  other  minor  products  as  well  as  in  yield 
of  timber,  growth  form,  and  haxdinesso 

Usual  procedure  in  selection  is  to  itemize  the  factors  of  most  im- 
portance, such  as  flavor  and  ease  of  cracking  nuts  or  kind  and  quality  of 
certain  oilSo   Individual  trees  that  produce  the  best  are  then  sought  out 
in  wild  stands,  and  the  progeny  tested  to  insure  that  traits  are  inherent. 
There  is  some  evidence  of  physiological  races  in  forest  trees,  although 
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the  subject  has  not  been  exhaustively  studied.  Scheffer,  Lackmiind,  and 
Hopp  (19^4)  found  differences  between  trees  in  the  amount  of  hot-water 
extractives  in  black  locust  wood.   In  Australia,  Penfold  and  Morrison 
(19^8)  found  only  small  quantities  of  the  aliphatic  aldehyde  citronellal 
in  the  essential  oii.  of  certain  trees  of  Eucalyptus  citriodora,  where  it 
is  usually  present  to  the  extent  of  65  to  85  percent.   The  Que-^nsland 
For  st  Service  (1950)  summarized  additional  work  to  determine  the  reason 
for  the  variation  in  oil  yield  and  oil  quality.   Some  samples  showed  a 
range  in  yield  from  0.2  to  2.0  percent.   Normally^  the  oil  is  of  excel- 
lent commercial  quality,  but  that  of  a  few  trees  showed  such  a  low 
aideiryde  content  that  it  was  practically  of  no  commercial  value.   Guinier 
(1926)  found  differences  between  Individual  maritim.,  pine  trees  in  com- 
position of  resin,   Spaven  (19^9)  described  the  work  in  Vermont  to  develop 
bette;  strains  of  maple.   Certain  trees  have  been  found  that  have  7  per- 
cent sugar  in  the  sap  as  compared  with  2  percent  of  average  trees.  Also, 
some  'rees  produced  four  times  as  much  sap.   These  are  the  results  of 
study  of  sap  from  U5OO  trees.   Ferguson  (19^6)  states  that  quinine  content 
in  the  bark  of  Cinchona  trees  is  genetically  determined.   Chittenden  (1950) 
states  hat  breeding  work  with  rubber  trees  is  directed  toward  development 
of  types  giving  a  stable  latex,  and  especially  a  white  latex  suitable  for 
crepe  production  as  well  as  high-yielding  types  with  good  secondary 
characters. 
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APPLICATION  OF  SELECTION  TO  SILVICULTURE 


The  three  traits  of  most  interest  to  the  forester  in  silvicultural 
work  such  as  timber  marking  or  seed  collection  are  (l)  vigor^  (2)  quality^ 
and  (3)  resistance  to  pests»   They  are  the  important  features  of  each  tree 
that  are  discernible  in  the  woods »  Also^  they  are  the  most  important  in 
determining  volume  and  grade  of  the  products  which  govern  financial  returns, 
Quality  is  used  here  to  indicate  form  of  crown,  branchiness^  stem  taper ^ 
straightnessj  general  wood  quality,  and  self -pruning. 

Selection  for  vigor » --Volume  growth  is  probably  more  important  in 
determining  returns  than  is  quality.   But  inherent  vigor  is  not  as  easy 
to  manipulate  through  silvicultural  practices  as  is  quality.   In  this  dis- 
cussion vigor  will  be  considered  as  a  characteristic  of  the  individual 
tree  and  not  of  stands » 

Selection  of  the  most  vigorous  trees  in  timber  marking  consists 
merely  of  choosing  the  largest  trees  consistent  with  quality^   These  are 
the  trees  that  have  made  superior  volume  growth  in  comparison  with  the 
average  trees  on  the  same  site.  More  variation  is  to  be  expected  in 
natural  than  in  planted  stands  and  in  mountainous  or  uneven  topography, 
where  soil  fertility  or  moisture  conditions  may  vary  v,'ithin  short  distances. 
Spacing  of  the  selected  trees  to  be  Ijsft   in  the  stand  is  important,  of 
course,  and  trees  of  average  growth  will  be  left  in  many  cases  because  of 
this  requirement o   It  may  be  desirable  to  choose  outstanding  trees  from 
within  a  group  where  comparisons  of  growth  are  possible,  rathsr  than  larger 
trees  in  small  openings  where  competition  has  not  been  a  factor  and  where 
it  is  difficult  to  compare  them  with  the  average  because  there  are  few 
trees  in  the  iimnediate  vicinity.  The  forester  is  in  a  position  to  rate 
the  individual  trees  in  each  particular  case  because  of  his  knowledge  of 
the  effect  of  superior  site  or  other  conditions  on  the  tree  growth  and 
development.   In  each  instance^  if  he  chooses  the  outstanding  individual 
tree  on  the  basis  of  average  growth  of  a  number  gTOwing  under  the  same 
conditions,  he  won't  go  far  wrong. 

When  selecting  pine  seed  trees,  the  requirements  or  standards  can 
be  much  higher  because  only  6  to  10  trees  may  be  left  on  each  acre.   In 
these  stands  the  trees  are  much  older  ard  larger.  And  because  these  are 
the  trees  that  will  regenerate  the  stand^  they  should  be  chosen  with  some 
careo   The  same  requirements  apply  that  they  be  the  best  trees  available 
when  compared  with  others  growing  under  the  same  conditions,  and  they 
should  not  achieve  this  superiority  at  the  expense  of  seed  production. 
The  presence  of  abundant  cones  from  recent  crops  indicates  good  producing 
ability o 

In  selecting  trees  from  which  to  collect  seed,  spacing  is  less 
important,  and  about  the  only  consideration  is  to  keep  the  collector's 
travel  to  a  reasonable  distance.  Also,  it  is  possible  to  choose  the 
stands  from  which  seed  will  be  collected.   Thus,  the  selection  work  can 
be  done  where  it  is  possible  to  make  comparisons  between  trees.  Fruitful- 
ness  of  the  tree  is  a  requirement  in  addition  to  vigor,  quality,  and 
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rssistance  to  pests »  Von  Wettstein  (1937)  observed  that  trees  of  low         I 
growth  rate  frequently  produce  more  abundant  cones  than  rapid -growing 
strains o   The  same  condition  has  been  found  in  teak  (Laurie,  I936),  oak 
(Anono  19^3),  and  yellow- poplar  (Perry  and  Coover,  1933) •   Indiscriminate 
seed  collection  favors  perpetuation  of  these  mediocre  types.  Even-aged, 
uniform  stands  or  plantations  in  areas  where  soil  conditions  are  least 
variable  are  the  best  places  in  which  to  work. 

A  few  really  superior  trees  are  not  enough  to  supply  the  demand 
for  seedo  Moreover,  collection  from  standing  trees  is  not  widespread. 
But  over  a  period  of  time  as  the  practice  increases,  it  should  be  possi- 
ble to  have  enough  outstanding  trees  selected  and  marked  to  supply  each 
year  a  larger  proportion  of  the  annual  seed  requirement. 

Selection  for  qualityo --Quality  goes  hand  in  hand  with  vigor, 
but  on  this  point  foresters  and  geneticists  sometimes  disagree  because 
of  the  close  relationship  between  tht-m.  Selection  for  a  combination  of 
traits  is  most  important  and  comprises  the  most  difficult  to  make.   It 
is  not  enough  to  have  fast-growing  trees;  fast-growing  trees  must  also 
have  high  quality.   The  key  to  the  problem  is  that  we  must  remember  to 
concentrate  on  the  genotype  by  estimating  and  subtracting  the  environ- 
mental effects  wherever  possible.  Open-grown  trees  are  often  squatty 
and  limby.   The  same  trees  might  have  grown  tall  and  slander  with  well- 
pruned  trunks  had  they  been  crowded  by  others  of  the  same  species.   This 
means  nothing  as  far  as  selection  value  is  concerned.   If  the  same  in- 
dividual trees,  while  in  the  open,  had  grown  tall  and  slender  with  small 
branches  and  some  natural  pruning,  it  would  be  a  different  matter,  as 
this  would  indicate  that  they  are  inherently  a  good  type. 

If  we  select  trees  in  stands  without  regard  to  their  individual 
crown  size,  branch  size,  crown  width,  straightness  and  pruning  ability, 
we  are  not  selecting  superior  trees;  we  are  selecting  trees  that  are 
merely  big.   If  we  select  the  most  slender  trees  that  have  small,  narrow 
crowns  and  long,  well-pruned  stems,  we  may  not  be  selecting  superior  trees; 
we  may  be  selftcting  trees  that  are  merely  poor  competitors.   A  superior 
phenotype  is  a  tree  with  exceptional  vigor,  good  crown  form  in  proportion 
to  tree  size,  straight  stem,  and  good  natural  pruning  in  proportion  to  the 
size  of  the  branches.  This  is  the  tree  that  has  demonstrated  its  superior 
efficiency  by  producing  the  most  wood  with  its  proportionate  share  of 
light,  moisture,  and  growing  space.  M 

Foresters  are  often  hesitant  about  choosing  the  largest  trees  in 
the  stands  for  crop  trees.  Many  of  the  large  trees  present  a  rough  I 

appearance  in  comparison  with  other  trees  which  may  be  much  smaller.   It 
should  be  kept  in  mind  that  trees  with  two  to  three  times  the  volume  of 
average  trees  could  have  proportionately  larger  branches.   The  dead 
branches  may  not  prune  as  promptly  as  the  smaller  branches  of  other  trees, 
which  gives  the  impression  that  the  crowns  of  the  large  trees  are  much 
longer  than  they  really  are.   Good  pruning  practice  prior  to  the  time  se- 
lections are  made  will  make  the  large  trees  very  attractive.   Inherently 
vigorous  strains  are  very  desirable  and  should  not  be  sacrificed  in  favor 
of  quality  that  can  be  obtained  through  good  silvi cultural  practice. 
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The  important  external  factors  in  tree  "uality  are; 

1.  Clear  length  of  stem 

2.  Taper  of  stem 

3.  Straightness  of  grain 
h.  Diameter  of  oran.:hes 
5»  Diameter  of  bole 

6 ,  Forking 

7»  Straightness  or  stem 

80  Amount  of  natural  pruning 

9o  Apical  dominance  (strong  central  stem  in  the  crown) 

10.  Flare  of  the  butt 

11.  Sprouting  of  ep,„cormic  buds 

As  far  as  we  know,  all  these  ar'^:  inherent  traits,  and  only  tr;es 
with  the  most  desirable  combinations  of  them  should  remain  in  the  stand. 
The  relative  importarce  of  each  item  will  vary  wi^h  species  and  ■-■ith  the 
major  product  :he  stand  is  being  m'^'naged  for„   The  forrster  can  evaluate 
them  in  accordance  with  the  local  situation.   He  is  better  qualified  to 
judge  qualit^r  than  anyone  else.   If  the  final  product  is  to  be  some 
specialty  with  unusucl  requirements,  the  traits  governing  them  should  be 
of  first  importance;  otherwise  the  factorr  that  promot':-;  high  value  in 
trees  for  saw  logs  would  be  paramount. 

Selection  for  resistance  to  diseases  and  pests. ---This  is  a  rela- 
tively simple  procedure  in  the  woods.  Wher -ver  possible,  only  healthy 
trees  should  be  1  ft  in  the  stand.  This  is  true  of  intermediate  as  well 
as  final  cuts.   It  is  not  always  possible  to  r'^move  all  the  damaged  and 
diseased  tre^^s,  but  they  should  be  discriminated  against.  Resistances 
may  be  phenological,  such  as  those  concerned  with  the  period  when  the 
tree  flushes  or  begins  to  grow  m  the  spring.   If  the  .^ew  growta  of  some 
individual  trees  or  strains  and  r -c:s  either  precedes  or  follows  the 
main  p- riod  of  spore  discharge  of  a  disease  or  the  emergence  of  a  brood 
of  insects,  the  new  shoots  will  escape  heavy  damage.   Physiological  or 
morphological  differences  give  rise  to  other  types  of  resistance. 

In  summarizing  this  se-i-tion  on  the  application  of  selection,  it 
should  be  emphasized  that  a  forester  in  the  W'.ods  has  to  work  with  what 
he  has  on  the  ground  at  the  present  time.   He  can't  be  and  shouldn't  be, 
concerned  with  minutiae.   If  he  strives  to  maintain  or  improve  the  vigor 
and  quality  of  the  stock  and  to  reduce  loss  from  disease  or  pests,  he  is 
fulfilling  his  obligation  es  a  technician.   The  point  is  that  all  varia- 
tions m  form  and  vigor  are  not  'as  foresters  so  often  say)  a  result  of 
differences  in  site  conditions.  Many  a  poor  tree  on  good  soil  is  the 
r-sult  of  poor  parents.   It  is  r.uis  unwise  to  harvest  all  the  best  trees 
and  leave  the  worst  to  produce  the  next  generation.  You  can't  expect 
genetically  poor  mother  trees  to  produce  good  offspring. 
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PLANS  FOR  SELECTING  SUPERIOR  TREES 


Before  going  to  the  field  and  attempting  to  choose  superior  trees 
of  any  sp-^^cies,  it  is  desirable  to  take  tine  to  plan  the  operation.  The 
important  factors  of  quality  which  are  influenced  by  tree  form  will  vary 
between  species.  Also,  the  utilization,  or  th^  products  made  from  the 
tree,  wil"'  determine  what  traits  are  important  in  superior  trees.   The 
important  items  to  be  considered  in  a  plan  for  selection  can  be  listed 
as  follows: 

I,   Species 

II.   Products  for  which  the  tree  is  utilized  and  which  may 
require  certain  characteristics  of  form  or  quality 

A.  Lumber  or  poles  (good  natural  pruning,  little  taper, 
small  knots,  thin  bark,  good  central  stem^  etc. ) 

B.  Pulpwood  (heavy  pine  wood  for  kr  .ft,  li-^ht  for  news- 
print,  yield  of  cellulose,  low  percent  waste  from 
lignin,  knots,  and  bark) 

C.  Furniture  or  cneer  (straigh"  grain,  good  central  stem 
with  littl.  taper,  desired  sapwood-heartwood  ratio, 
bark  thickness,  figured  gram,  etc.) 

D.  Other  products  (fruit,  nuts,  oleoresin,  seed) 
III.   Important  pests 

A.  Diseases  (foliage,  bark,  or  wood) 

B.  Insects  (foliage,  bark,  or  wood) 
IV,   Important  use?  other  than  manufacture 

Ao   Ornamental 

B.  Erosion  control  or  soil  building 

C.  Windbreak 

V.  Other  traits  characteristic  of  the  species  or  the  use 

A.  Cold  resistance 

B.  Drought  resistance 

Co  Fertilitv  of  seed  as  well  as  volume  produced 

D.  Growth  habit  of  seedlings 
VI.  Best  areas  in  which  to  seixch 

A.  Areas  in  which  best  races  occur 

B.  Plantations 

C.  Old-field  stands 

D.  Virgin  stands  or  second 'growth 

VII o  Traits  of  which  little  is  known  about  range  of  variation 
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After  such  a  list  has  been  prepared,  it  is  apparent  that  for 
most  purposes  and  species^  there  are  only  a  few  major  points  to  rate 
superior  trees.   An  example  of  a  plan  for  selecting  slash  and  loblolly 
pine  and  yellow-poplar  is  about  as  follows: 

Slash  pine. --(when  used  for  lumber^,  poles,  pulpwood,  and  naval 
stores;  possible  future  use  for  softwood  veneer.) 

I.   Item.';  upon  wnich  to  rate  trees 

A.  Traits  to  improve  quality  for  lumber  and  poles 

1.  Less  taper  in  trujik 

2.  Narrower  crowns  with  small  branches  to  give  small  knots 

3.  Fever  branches  x^er  lineal  foot  of  trunk 
h.  Less  buttswell 

3"      More  abiliry  for  natural  pruning 

6,  Thinner  bark  on  fast-groving  trees 

7.  More  rapid  growth — '^Oi>   greater  m  diameter  at  least-- 

than  average 

B.  Traits  to  improve  quality  for  pulpwood 

1.  Same  as  for  lumber  except  items  1  and  k   above 

2.  For  kraft  pulp,  high  density  wood  (over  .5^  specific 

gravity^  high  pei'cent  s'ummerwood) 

3.  For  newsprint,  low  density  wood  (less  than  ,38  specific 

gravity,  low  percent  summerwood) 
^.   Higher  yield  of  pulp,  lower  waste  per  ton  of  pulpwood 
5.   Looser  bark 

C.  Traits  to  Impro'.'e  quality  for  naval  stores 

1.  Same  as  f  r  lumber 

2.  High  oleor3.?in  yield;.  (25O  percent  or  greater  of  average) 
3«   Gum  of  miiform  qiiality  throughout  the  season 

h^      Less  scrape 

5.  Thinne:;: ,  softar  bark  to  make  chipping  easier 

6.  Ability  to  produce  well  on  first  streaks 

D.  Tra:.ts  to  improve  quality  for  veneer  production 

1.  Same  as  for  lumber 

2.  Less  variation  between  specific  gravity  of  summerwood 

and  springwood 

3.  Better  gluing  properties 
k.      Looser  Dark 

E.  Traits  to  improve  pest  resistance 

1.  Resistance  to  fusiform  rv;st,  cone  rust,  pitch  canker, 

needle  diseases 
2«   Resistaace  to  bark  beetj.es  and  Nantucket  pine  tip 

moth 

F.  Other  im_fortant  traits  to  select  for 
lo   Drought  resistance 
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II.  Best  areas  or  stands  in  which  to  search  for  plus  trees 

A.  Any  area  near  where  trees  are  to  be  planted 
(there  is  not  rnxich   evidence  of  racial  strains,  but 
the  problem  has  not  been  adequately  studied) 

B.  Planted  stands  C'f  good  racial  stock  should  have  first 
priority,  and  even-aged  old-field  stands  second 

III.   Traits  for  which  little  is  known  of  natural  variation  and 
which  may  be  important  in  improving  this  species 

A.  Quality  of  oleorcsin 

(\iniformity  of  yields  over  different  se  sons  of  the 
year,  proportion  of  important  components,  ^uch  as 
tiirpentine,  alpha  and  beta  pinene,  tendency  of  gum 
to  form  scrape  on  th^  tren) 

B.  Wood  density  range 

(between  trees  and  between  springwood  anc"  summerwood  of 
same  trees) 

C.  Yield  of  pulp,  lignin,  and  waste  products 
(variation  within  trees  under  20  years  of  age  has  been 
studied)  Little  known  of  pulping  qualities  of  south 
Floridcv  variety  of  slash  pine. 

D.  Bark  tightness 

(bark  should  come  off  very  easily;  it  is  not  known  to 
what  extent  this  is  a  variable  trait  and  whether  it  is 
genetically  controlled) 

Loblolly  pine. --(When  used  for  lumber,  poles,  and  pulpwood) 

I.   Items  upon  which  to  rate  trees 

A.  Traits  to  improve  quality  for  lumber 

1.  Less  taper  in  trunk 

2.  Narrower  crowns  with  small  branches  to  give  small  knots 

3.  Fewer  branches  per  lineal  foot  of  truik 
h.  More  ability  for  natiiral  pruning 

5.  Thinner  bark  on  fast-growing  trees 

6.  More  rapid  growth 

7.  Stronger,  more  pronounced  trunk  in  crown  region 

(strong  apical  dominance)  I 

8.  Larger  angle  between  branch  and  trunk 

(branches  more  nearly  at  a  90-degree  angle  with  the 
trunk  should  be  preferred;  this  is  to  aid  in  natural 
pruning ) 

B.  Traits  to  improve  quality  for  pulpwood 

1.  Same  as  for  lumber  except  item  1 

2.  For  kraft  pulp,  higher  density  wood 

3.  For  newsprint,  lower  density  wood 
h.  Higher  yield  of  pulp,  lower  waste  per  ton  of  pulpwood 
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C-   Traits  to  improve  quality  for  veneer 

1.  Same  a::  for  lumber 

2.  LcoS     variation  betv/een  sp-^cific   gravit._    of  spring^/ood 

and  summerwood 

3.  Better  gluing  properties 
h.      Loos-:.:  bark 

D.   Traits  to  improve  pert  resistance 

1.   Resistu.nce  to  fusiform  rust,  cone  rust,  needle  disease^ 

littl-leaf 
2o  Resisvance  to  Nantucket  rine  tip  moth,  and  the  bark 

b-:  ^tles 

II.   Best  areas  o.  -tand:-  m  which  to  search  for  plus  trees 

A.  Areas  in  which  bcbt  strain--  'jc.ca:.    for  planting  in  d-'^signat'-d 
areas 

(Many  racial  strains  occur  in  loblolly  pine,  and  it  is  impor- 
tant that  reliction  be  made  within  the  best  races.   If  best 
races  are  not  knor/n^  make  selection  near  where  seed  is  to  be 
used. ) 

B.  Plantr  cions  of  good  racial  rtock  even  if  original  source  is 
unknown 

(Kno  ing  the  source  is  important,  but  not  ^an  absolute  require- 
ment if  the  p;.antation  is  of  good  quality. ) 

C.  Even-aged  second-growth  or  original  old-growth  stands 

III.   Traits  abo , t  which  tittle  is  known  of  natural  variation  and  which 
may  be  important  in  improving  this  species 

A.  Wood  density  variation 

(bet  een  tre-.:  and  between  spf^ingwood  and  summerwood  within 
the  same  tre' ) 

B.  Yi  la  of  pulp  and  waste  materials  per  ton  of  pulpwood  for 
various  age  classes  of  merchantable  trees 

C.  Bark  tightness 

Yellow- poplar ,  --(Whoa  used  for  liomber  and  furniture  veneer) 
1.      Items   upon  wh";,ch  to  rate   trees 

A.  Traits   to   improve  quiCiity  for  lumber 

1.  Figured  grain 

2.  Less    jp'cormic   sprouting 

3.  Kore  r-pid   growth 

h.      More  aiility  tor  natur  1  pruning 
5o  Both  high  and  low  density  of  v;ood 

B.  Traits  to  improve  pest  resistance 

In  this  species   susceptibility  to  major  pests  is  not 
yet  an  important  factor. 

C.  Other  important  traits  to  select  for 
1.      Higher  fertility  of  the  seed 
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II.  Best  areas  or  stands  in  which  to  search 

A.  Plantations  of  good  racial  stock 

B.  Second-  and  old- growth  stands 

III.   Traits  of  which  litt.;   is  kn  wn  of  variation  and  which  may 
be  important  in  improving  this  species 

A,  Wood  density 

(In  natural  stands  density  varies  widely  end  the  causes 
are  unknown.  Paul  and  Norton  (1936)  have  stated  the 
wood  is  about  twice  as  variable  as  tuat  of  hard  maple. 
This  may  be  a  result  of  a  more  heterogyzous  nature  or 
from  polyploic  y  w'rich  is  thought  responsible  for  varia- 
tion in  ash.  The  ocxurrence  of  polyploid  types  has  not 
been  studied. ) 
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MARKING  SELECTED  TREES 


It  is  very  important  that  selected  trees  be  marked  and  their  location 
accurately  described  so  they  may  be  easily  found  again.   In  addition,  they 
should  b.  described  in  such  a  manner  that  cor-parison  of  good  ana  poor  traits 
can  be  made  in  the  office «   One  of  the  most  desirable  features  of  a  uniform 
numbering  or  identification  system  is  that  it  can  be  understood  by  different 
workers. 

The  individual  tree  will  be  the  common  unit  in  selection  work.   Th^-y 
can  be  marked  temporarily  wioh  white  cloth  and  later  on  by  light,-colored  paint 
or  metal  tags.   Baids  around  the  trees  are  easily  seen  from  all  directions, 
although  they  may  be  unsuitable  for  trees  near  inhabited  areas.   Several  bands 
may  bv  used  to  indicate  the  relative  value  of  the  tree  or  the  degree'  to  which 
it  has  been  used  in  the  tree -improvement  vrork.   One  band  may  indicate  a  first 
selection,  two  bands  those  tested  with  open-pollmated  seed,  three  bands  those 
used  in  controlled  breeding,  and  fo\;r  bands  those  jjroven  to  be  genetically 
superior  trees. 

Some  Swedish  tree  breeders  refer  to  selected  trees  as  "plus"  trees 
until  the  genot}/pe  has  been  detcrmiricd.   If 'they  prove  to  be  superior  genotypes 
th^y  are  called  "elite"  trees.  A  more  precise  nethod  would  be  to  call  untested 
superior  phenotypes  "pheno typically  elite,"  and  progeny  tested  Irces  that  are 
indeed  superior  genotypes  "genotypica.ily  elite." 

The  Institute  of  Forest  Genetics  uses  a  simpl--  and  effective  system  of 
numbering  ti-ees  ,  Metal  tags  carry  the  data  and  are  naile'd  to  the  tree  with  long 
nails  driven  only  part  way  in  to  allow  for  tree  growth.  The  tag  gives  the  abbre- 
viated Latin  name  of  the  species,  the  county  and  state,  the  plot  number,  and  the 
tree  number  within  the  plot.   Trees  more  than  a  quarter  mile  apee^t  are  given 
different  plot  nimibers,  and  a  plot  can  be  one  tree  or  see'eral  trees.   In  local 
studic.s  or  projects  the  plot  and  the  nijmber  v/culd  be  sufficient  for  identifica- 
tion, but  if  seed  or  grafting  material  is  sent  to  other  se^,  uions  the  full  code 
should  be  used.   The  iesignation  "PC,  Harris,  Ga,,  3A,  h"   would  mean  "slash  pine, 
Harris  Co.,  Ga.,  plot  3A,  tree  number  4,"   If  metal  tags  are  unsatisfactory,  paint 
can  be  used. 

Souehern  pine  species  aboreviations  used  by  the  Institute  of  Forest 

Genetics:  '    .,,    .  ,  . 

Abbreviation 

Pinus  caribaea  (slash  pine)  PC 

E.  clausa  (sand  pme}  PC  la 

P.  e china ta  (shortleaf  pine)  PE 

P.  glabra  (spruce  pine)  PGl 

P.  palustris  (longleo,f  pine)  PPa 

P.  rigida  (pitch  pine)  PRi 

P.  serotina  (pond  pine)  PSe 

P.  Sonderegger-'  (Sondercgger  pine)  PSon 

P.  taeda  (loblolly  pine)  PT 

P.  virginiana  (sc  ub  pine)  PV 
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Abbreviations  for  the  90-odd  species  of  pine  are  available  from  the 
Institute,  while  those  for  other  species  will  have  to  be  prepared  by  workers  in 
the  South,  New  symbols  S'AOu.ld  be  added  only  by  joint  action  of  all  agencies  with 
the  Institute. 

A  de-*- ailed  set  of  notes  on  the  characteristics  of  each  tree  should  be 
taken.  The  attached  form  can  be  us-^-d  to  suggest  the  points  to  be  noted.   A 
sketch  map  O-  location  can  be  made  on  the  back  of  the  form.   If  possible,  a 
photograph  or  sketch  of  the  tree  should  be  included.   If  progeny  tests  are  made, 
a  re. ord  of  seed  collection,  outplantings ,  and  performance  of  seedlings  can  be 
included,   Standardi?ar.ion  of  a  record-kerring  system  will  avoid  co'ifusion  among 
workers.   If  additional  data  can  be  taken,  a  sketch  can  b-^*  made  showing  sumraer- 
wo:  d  and  sprj.ngwood  in  the  increment  core;  elsO:  descriptive  data  for  a-rerage 
tr::-es  in  the  stand,  so  that  a  comparison  can  be  made  betve^n  the  study  tr^es  and 
others.  Bark  thickness,  stem  taper,  branch  length,  brmch  thickness,  crown 
length,  crown  density,  and  crown  width  will  be  useful  i'ems  of  information. 

A  somewhat  similar  form  can  be  used  in  recording  data  for  phenotypica l]y 
elite  stands.  The  characters  of  form,  vigor,  or  others  that  vary  from  average 
i'.  the  species  should  be  recorded;  also  the  locatio.::  :f  the  stands  so  they  '-an 
be  found  by  other  workers.   If  "  large  number  of  selections  are  made,  i»  may  be 
advisable  to  transfer  the  data  to  punch  cards. 


(I 
II 
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CATALOGUE  OF  SUPERIOR  TREES 
Species 

Local  number 

(Plot  and  tree  number) 

Description  of  tree : 

Age Heigh  

Diameter  Sex 


Is  there  evidence  of  flower  or  seed  production? 

Superior  traits: 

Vigor 

(Percent  taller,  larger  diam'^ter,  or  greater  volume  than  averageT 

Branches_^ Crown 

(Larger,  smaller,  or  avcrag-  thickness)     (Wider,  narrow -r,  or 

average  width) 

Straightness  of  grain ^Specific  gravity  of  wood 

Percent  sunmerwood ^Angle  of  renches  from  horizontal 


(Larger,  smaller, 
or  average) 

Pest  resistance 

(Damage  by  insects,  diseases,  mechanical  breakage! 

Other  traits 


Location: 

Section,  township,  range,  lot  etc, 

County  and  st.-te 


Name  and  addi-^^ss  of  own^r  or  others 


Elevation 


Identification  marking  on  the  tree 


Name  and  address  of  reporter 
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Record  of  seed  collection: 
(date  and  seed  lot  number) 


Progeny  tests  or  tests  with  grafts  or  cuttings 
(date,  location,  experiment  nijmber) 


I 


Photograph  or  sketch 

(show  form  and  size  in  comparison  with 
adjacent  trees) 


Map  of  location 


I 

I 


-  58  - 


NAMING  IMPROVED  STRAINS 


Tree  breeding  -".nd  selection  projects  will  probably  develop  plant 
material  that  will  be  difficult  to  na\e  iinder  the  pr  ..oent  methods  of  nomen- 
clature. Also,  it  will  be  imdesirrbl  ■  to  give  formal  names  to  many  varieties^ 
variants,  or  hybrids  that  may  be  of  value  only  in  experimental  work  and  which 
will  never  be  used  commercially.  Th  book,  "Standardized  Plant  Names,"  dis- 
cusses the  nomenclature  of  plajit  material  other  than  species,  varieties,  and 
races,  and  it  should  be  used  as  a  reference. 

At  present,  races  of  trees  are  not  given  formal  names  but  they  are 
ailed  by  a  common  English  name  which  is  usually  descriptive.   Examples  would 
be  the  "red-barked"  or  the  "pointed-crowned"  races  of  Scots  pine^  Natural 
varieties  have  been  recognized  by  adding  a  Latin  varietal  name  to  the  specific 
name  (see  "form"  and  "variety"  in  the  glossary).   Some  taxonomists  prefer  to 
limit  recognition  of  varieties  to  th  se  cases  where  ihe  plant  is  found  over 
some  geographic  area  rather  than  to  one  plant.   The  way  to  avoid  confusion  is 
to  identify  a  selected  strain  or  van  ty  by  the  name  of  the  i  dividual,  or  a 
number,  and  avoid  Latin  names  altogether.  A  strain  Of  slash  pi  e  selected  by 
John  Doe  would  be  known  as  Doe's  si  s  pine.  This  syst  m  could  also  be 
app ' ied  to  lots  of  controlled  pollinated  seed  of  superi  r  strains.   Some  plant 
breeders  prefer  to  cal]  vegetatively  propagated  strains  by  English  names  and 
sexually  propagated  strains  by  number. 

"Standardized  Plant  Names  '  suggests  some  terms  for  identifying  vegeta- 
tiv"  y  propagated  clones.   A  clone  i  defined  as  a  group  of  organisms  compo  ed 
of  individuals  propagated  vegetatively  from  a  single  original  individual.  An 
ort^t  is  the  one  original  plant  from  which  a  clone  ultimat  ly  derives,  A 
rame*^  is  an  individual  memb  r  of   clone.   These  terns  apply  to  grafted  plants 
or  rooted  cuttings  and  not  to  sexaally  reproduced  types   The  term  "polybrid" 
is  used  as  a  group  name  for  hybrids  from  crosses  bet  een  two  particular  op.cie' 
varieties,  or  genera. 
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Summary  of  Studies  in  Racial  Variation 


The  following  sections  summarize  some  of  the  published  data  regarding 
clinal  and  other  types  of  racial  variation  m  the  tree  species  of  the  United 
States  and  in  foreign  countries. 

Races  of  trees  in  the  United  States .--In  a  22-year-old  test  planting 
at  Bogalusa^  La„ ,  lohlolly  pine  o.  local  source  produced  a  much  higher  volume 
per  acre  and  was  injured  less  by  disease  than  that  from  other  provenances 
(Wakeley  19'^^>  1951).  The  nativ.''  Louisiana  stock  pr  duced  ^1.8  rou^  coras 
of  merchantable  pulpwood  per  acre  in  trees  i  inches  and  larger  in  diameter  at 
breast  height.  Texas  stock  had  [^.roduced  22.7  cords,  Georgia  17. 7>  ^nd  Arkan- 
sas 15.4  cords  per  acre«   Thirty-seven  percent  of  the  trees  from  Georgia  seed 
had  rust  cankers  on  the  stems,  wh"  le  only  ^4-  to  6  percent  of  those  from  other 
sources  wcr".  infected. 

From  the  preliminary  results  of  a  test  begun  in  1935  in  South  Africa 
with  loblolly  pine  of  different  provenances,  Sherry  (19^7)  states  there  WLr-^ 
several  latitudinal  topoclines.  Growth  of  tr^es  from  southern  latitudes  was 
the  most  rapid^  B-nd  was  slower  from  northern  sources,  but  the  foim  of  the 
slower  growing  trees  was  better. 

The  height  of  the  trees  in  relation  t;  latitude  of  the  prov:»nance  is 
given  in  figure  19.   The  three  seed  sources  between  latitude  3O  N  and  3I  N 
were  Leon  County,  Fla.,  Mom:gomery  County,  Te^^is,  and  St,  Tammany  Parish,  La, 
The  northernmost  seed  source  was  Wisconsin  County,  Md„,  which  is  at  38-^  N, 

Seedlings  of  the  same  sources  were  also  planted  at  several  places  in 
the  Unixed  States,  At  Athens,  Ga,,  the  average  heighfs  were  between  3I  ^nd  35 
feet^  showing  much  less  variation  with  prevenance;.  At  Jasper,  Texas,  they 
were  between  29  and  3^  feet  (Wakeley,  1951),  Thus,  in  South  Africa,  T  xas, 
and  Georgia  the  least  adapted  stock  made  57,  85.  and  89  percent,  respectively, 
of  the  height  growth  of  the  best  adapted. 

In  this  same  study  of  geographic  races,  in  lobl  lly  pine,  infection  by 
fusiform  rust  v/as  associated  with  seed  so\irce.  Wakeley  (1951)  states,  "The 
North  Carolina  stock  had  22  percent  of  all  living  trees  infected  at  both 
Athens,  Ga, .  and  Jasper,  Texas,  The  South  Carolina  stock  had  8  to  16  percent 
infect -d  at  the  same  two  places.  Two  western  strains,  those  from  the  Kisat  hie 
National  Forer:t  in  Louisiana  and  from  Trini.y  Coimty,  Texas,  showed  only  3  and 
1  perc  nt  inf^' ition,  respectively,  at  Athens,  and  7  and  2  percent  at  Ja--per. 
These  results  parallel  those  from  the  Bogalusa  stud/,  in  which  the  one  rastcrn 
strain  of  loblolly  (Georgia)  was  more  heavily  infected  than  the  3  western 
strair.^  (Louisiana,  Arkansas,  and  Texas).  But  s  rains  from  northeasterr 
source':,  which  were  not  tested  in  the  original  Bogalusa  study  also  proved 
r-i  latively  unsusceptible  in  the  1935  study.  Virginia  stock  was  infected  only 
k   percent  at  Athens,  only  6  percent  at  Jasper,  and  Maryland  stock  showed  no 
infection  at  either  place." 

Slash  pine  has  given  rather  uniform  results  in  the  tests  made  up  until 
now  with  seed  of  different  provenances.  This  species  has  a  more  limited  range 
than  the  other  major  southern  pines.   If  the  south  Florida  type  of  slash  pine 
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is  excluded,  the  natural  range  of  the  species  is  between  latitudes  27  N  and  33  N. 
Seed  from  sources  between  the  latitudes  3O.I  N  and  3I.O  N  vere  tested  with  lob- 
lolly pine  in  the  South  African  study.   The  results  as  found  by  Sherry  (19^7)  for 
the  9-ycar-old  test  show  the  average  heights  of  plots  of  different  provenance 
were  between  35-7  ^--^  37 ^^  feet. 

Slash  pine  showed  less  variation  in  height  growth  between  tests  in  four 
different  locations  in  Africa  than  did  loblolly  pine.  This  may  be  site  effects, 
but  slash  pine  was  remarkably  uniform  over  the  entire  range  wten  planted  at 
25°S,  28°S,  29' S,  and  31  S»  At  two  locations  it  was  planted  at  elevations  of 
150  feet  and  at  the  fourth  at  3,000  feet.   The  stock  of  Liberty  County,  Fla., 
provenance  differea  in  height  only  1.9  feet  between  the  h   areas.   Stock  of 
Os:eolj  Nation-il  Forest  in  Florida  variel  ^.3  feet,  which  was  the  wideif^t  range. 
The  average  01  all  c  sources  was  3»7  feet.   The  average  for  loblolly  pine 
planted  at  the  same  location  was  9-8  feet.   Variation  was  less  for  southern 
provenances,  avert-ging  7-7  feet  for  the  three  sources  and  13.^  feet  for  the  two 
northernmost  sources.   This  indicates  loblolly  pine  stock  of  orthern  provenance 
was  more  sensitive  to  local  conditions  than  stock  of  southern  provenance. 

Both  slash  and  loblolly  pine  were  rather  similar  in  one  other  respect 
in  that  there  was  little  diff  rence  in  their  rating  according  to  total  height 
at  the  four  test  a.eas.   The  crovenances  showing  highest  average  height  growth 
were  superior  in  all  test  areas — the  proven "nces  showing  poor  growth  were  poor 
on  all  four  test  plots.  No  data  concerning  volume,  wood  d  nsity,  or  pulp  yield 
are  available.  Complete  data  will  give  a  more  accurate  -'valuation  of  thf. 
sources,  ^nd  these  will  no  doubt  be  available  later. 

When  short  leaf  pine  from  southern  parts  of  its  n-itural  range  wa;^  planted 
in  Pennsylvania,  which  is  near  the  northern  limit,  survival  was  low  and  growth 
very  slow  in  comparison  with  stock  of  local  origin  (Aughanbaugh,  1950).   The 
data  for  the  stock  of  six  sources  is  given  in  table  j,  as  follows: 

Table  3° —Survival  and  growth  aft  r  1^  ye- rs  of  shortleaf 

pine  of  different  provenance  plaited  in  Pennsylvia 

„       X.    J         Trees     Average    Average 
Source  of  se -d         ^.    ,  -u  •  ilj.    Ji^        I 

living     height    diameter 

Morgan  County,  Tennessee 
Stone  County,  Arkansas 
Houston  County,  Texas 
Sabine  Parish.  Louisiana 
Adams  County,  Mississippi 
Edgefield  County,  South  Car, 

The  seed  germinated  well,  but  survival  was  low.  Growth  o  the  80  trees 
in  each  lot  was  very  slow  and  they  suffered  from  frost  injury.  Trees  from  seed 
of  Morgan  County,  Tenn,,  which  has  the  climate  closest  to  Pennsylvania  conditions. 
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Number 

Feet 

Inches 

57 

lh.3 

2.7 

21 

11. i^ 

2.3 

6 

11.3 

1.7 

1 

10.0 

1.5 

2 

9.5 

1.0 

5 

9.2 

1.6 

showed  definite  superiority  over  others  from  low?r  latitudes  and  altitudes. 
Th  re  were  some  differences  in  form  of  stem  between  Arkansas  and  Texas  stock- 
The  heights  of  both  wer..  nearly  the  same,  but  the  diameter  of  the  Arkansas 
stock  was  2.3  inches  and  the  Texas  stock  1,7  inches.  Results  to  date  indi- 
cate that  local  seed  is  much  the  better  for  planting  in  Pennsylvania. 

There  is  some  additional  evidence  of  racial  variation  in  shortleaf 
and  loblolly  pine  as  indicated  by  variation  in  size  of  pollen  grain  and 
strength  and  weight  of  the  wood.   Cain  and  Cain  (19^8)  measured  pollen  grains 
from  27  samples  o-^  sh'.'tle^^f  pine  coll  ect'-»d  at  various  points  between  Texas 
and  New  York.   The  grains  had  an  extreme  va;i;t'ion  from  about  k2   to  70  microns. 
They  state,  "The  study  of  Pinus  echinata  shows  what  is  coming  to  be  expected 
of  size  characteristics  of  morphological  fe  tures  in  general,  that  is,  a  con- 
siderable intraspecific  variability.   Some  collrctions  from  stations  con- 
si'Ierably  removed  from  one  another  may  be  very  similar.  Other  material  from 
one  locality  may  be  significantly  different," 

In  shortleaf  and  loblolly  pine,  weight  and  strength  of  the  wood 
varied  with  the  locality  wher  •  it  was  grown,  but  in  slash  and  longl^af  pine 
they  did  not,  according  to  Johnson  and  Roth  (I896).   In  shortleaf  pine 
wood  from  the  southern  coast  and  Gulf  reg'.on  nd  even  Arkansas  was  generally 
heavier  than  wood  from  loc  lities  farther  north.  Very  light  and  fine-grained 
wood  ^'as  seldom  found  near  southern  limits  of  th;  ran^c,  while  it  i"  almost 
the  rule  in  Missouri,  -where  forms  reserb-.ng  the  red  pine  are  by  no  means 
rare.  Concerning  specific  weight,  JohnoOc.  and  Roth  vtate,  "Tliough  occasionally 
some  very  cxccpt'onal  trees  occur,  especially  in  loblolly  and  shvl-^ja.!!   pine, 
the  range  in  specific  weight  on  the  wrjol:-"  is  generally  vithin  narrow  limits." 

R3cial  variation  in  spruce,  pond,  sand  Virginia,  and  pitch  pmc-  has 
not  been  studied.   These  are  minor  species  in  the  South  and  planted  only 
rarely.  P'?ces  may  occur  because  mi.Ft  .f  tmn   have  rather  brodd  geographical 
ranges.   Sand  pine  that  grows  only  in  Florida  r'eems  to  vary  in  the  date  cones 
open.   la  January,  most  of  the  tre-s  in  the  western  part  of  the  State  had 
open  con^o  as  compared  with  only  a  few  in  the  southern  part. 

Growth  of  red  pine  va  led  somewhat  between  prevenances  in  a  l6-yea.  -old 
plantation  in  northeastern  Minnesota,  reported  by  Rudolf  (19^8).  Seed  of  37 
origins  throughout  the  Lake  States  and  including  two  localities  in  New  England 
were  planted  in  the  Superior  National  Forest.   It  Wo.s  ccncluded  that:   "For 
best  assurance  of  success,  collect  red.  pine  :eer  from  inland  northeastern 
Minnesota  localities,  avoiding  trees  with  thin  foliage   Do  not  use  red  pine 
seeds  from  New  England,  lower  Michigan,  central  Wisconsin,  or  the  south  shore 
of  Lake  Superior.   If  northeastern  Minnesota  red  pine  seed  is  unobtainable, 
second  choice  should  go  to  northwestern  or  north-central  Minnesota  or  north- 
eastern Wisconsin."  White  spruce  planted  in  the  Nicolet  National  Forest  in 
Wisconsin  by  the  Lake  States  Forest  Experiment  Station(l9^7)  showed  difference 
in  growth  between  the  6  seed  sources  t  sted,  and  seedlings  of  three  provenances 
in  Ontario,   anada,  were  best.   This  is  mt-  estmg  because  northern  prove- 
nances planted  farther  south  did  better  than  the  local  provenance. 

In  a  test  of  ponderosa  pine  (Weidman,  1939),  seed  from  20  origins  were 
planted  in  northern  Idaho.   The  sources  of  seed  were  in  western  Unite J  States 
and  Canada.   The  best  strains  made  more  than  twice  the  hight  and  diameter 
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growth  of  the  poorest.  Two  introduced  strains,  one  from  the  Lolo  and  one 
from  th'»  Bitterroot  National  Forests  in  Montana,  grew  better  than  local 
secdo  Hunger  :19if7)  reported  results  after  20  years'  growth  of  ponderosa 
pineo  No  systematic  observation  of  the  morphological  diff-^rences  in  the 
several  lots  was  mad  ,  but  even  casual  comparison  rr-veal  =d  marked  differ- 
ences,  Some  lots  were  bushier  than  others,  ana  the  color  of  the  folia  -, 
time  of  ne.  dl-^  retention,  and  th  angle  of  the  n-edles  to  the  twig  vari  d. 
We-^dle  l-'-ngth  ranged  ^'rom  k   inches  in  one  lot  to  7-l/2  in  another.   On  tte 
basis  of  total  height  on  all  six  plantations  thr:^-  sources  appeared  to  be 
best.  These  three  wer;  not  consistently  best  on  all  plantations,  nor  were 
they  superior  in  the  plantations  mos  t  like  their  locality  of  origin.  Two 
lots,  one  from  western  Or":gon  and  one  from  west-rn  Washington,  which  are 
consiaer-d  th*  same  physiographic  r  gion,  r  nked  quit'  differently, 
Lor-nz  (19^9)  found  differences  aft  r  5  years  of  growth  betw^m  10  different 
seed  sources  of  ponderosa  pine  planted  in  Illinois.  Major  differences  in 
color  and  t'-xture  of  needles  and  slight  differ 'nces  in  general  over-all 
form  could  be  observed, 

Douglas-fir  is  an  important  tree  in  this  country,  and  it  has  be^  n 
widely  planted  in  Europe  for  a  long  time.   Consequently,  much  has  b  m  ob- 
served of  its  variation  throughout  the  natural  range.  As  early  as  1913  Zon 
(1915)  r-ported  differenc  s  in  height  growth  and  form  of  plantations  of 
differ^^nt  se:d  source  planted  i  Europe.  Since  th  t  tim  ,  as  indicated  oy 
Bornebusch  (1959);)  European  foresters  r»  v^ry  car  ful  to  plant  Douglas-fir 
from  sources  known  to  produce  s  -«d  suitable  for  their  ar  a.  Peace  (19^8) 
discusses  the  litej*atu- e  of  racial  stra '  ns  and  th  various  species  and  va- 
rieties set  up  by  taxonomists.  As  a  result  of  his  own  study  of  th'»  va:"iation 
within  the  species,  h  states,  'On  is  fa  ^d,  therefor.-,  with  two  alternatives: 
either  to  split  Douglas-fir  mt  a  very  large  number  of  opecies  or  varieties, 
whose  ranges  would  be  completely  overlapping,  or  to  admit  that  th  tre:  is  a 
complex  of  variables  between  two  extreme  types  approximating  to  the  former 
conceptions  of  P,  douglasii  and  Po  gl  uca,  and  to  make  no  attempt  at  further 
botanical  distinction.  The  author  is  entirely  m  favor  of  the  second  al- 
ternative," In  summarizing  his  review  of  the  tudies  of  racial  variation  in 
Douglas-fir,  Isaac  (19^9)  states:  "Various  wild  strains  of  the  tre™  have 
distinct  climatic  and  soil  limitations;  seed  from  such  strains  should  not  be 
used  beyond  these  limits.  There  is  also  ampl-;  proof  that  superior  growing 
strains  exist  ana  it  pays  to  plant  the  best  seed  that  can  be  obtained  for  a 
given  area. " 

Hardwood  species  may  show  racial  variation  throughout  their  natural 
range  in  this  country,  as  indicated  by  a  numb-r  of  studies.  White  ash  is  one 
of  them,  as  reported  by  Wright  (19^1.4) ,  On  the  basis  of  his  study  of  th- 
progeny  of  I55  tre.ss  from  28  localities  in  eastern  United  States  and  C  Jnada, 
grown  at  Petersham,  Mass,,  white  ash  shows  at  least  three  ccotypes: 

1,  The  northern  ecotype,  which  grows  from  Michigan  to  central 
Pennsylvania  and  New  England,  and  northward;  trees  are  di- 
ploid, show  littl':'  winc'  r  killing,  have  a  bushy  root  system, 
and  lack  any  pronounc  d  pub  ^cence  or  anthoc/anin  development. 

2,  The  intermediate  group,  which  is  found  in  a  narrow  belt  through 
south: rn  Pennsylvania,  northern  West  Virginia  and  Ohio,  trees 
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are  characterized  by  a  moderate;  amount  of  winter  kil"  ing, 
bushy  root  systems,  high  incidence  of  pubescence,  and 
lack  of  anthocyanin  development, 

3.   The  southern  ecotype,  which  is  found  from  Maryland  to 

southern  Indiana  and  southward;  trees  are  very  susceptible 
to  damage  fiom  winter  cold,  and  have  tap  roots,  reddish 
petioles  ana  leaves  wh  ch  are  glossy  abovi.  and  pubescent 
below o 

Of  5^  tr^es  of  intermediate  -r  southern  origin  for  which  chromosome  counts 
or  stoma ta  measurements  were  made,  33  were  diploids,  8  were  tetraploids,  and 
13  were  hexaploidSo 

Considerable  variation  waj  found  in  red  ash,  but  the  variation  wjthin 
the  progeny  of  any  one  ,  arent  was  much  Itss  than  in  white  ash  (Wright,  19^+4a). 
The  progeny  of  20  trees  from  9  localities  showed  the  species  to  be  composed  of 
at  least  three  co types: 

1.  The  northern  ecotype  is  found  in  Maine,  Michigan,  Wisconsin,  and 
Minnesota,  U.S.A.,  and  Ontario,  Canada^  y.nd  presumably  throughout 
the  species  range  to  the  north;  its  southern  extent  is  unknown. 
Progeny  were  slow-growing  and  winter-hardy,  and  lost  their  leaves 
early  in  the  autumn. 

2.  The  southern  Coastal  Plain  ecotype  was  represented  by  collections 
from  Virginia,  North  Carolina,  and  South  Caiolina.  The  seedlings 
were  very  subject  to  winter  killing  were  significantly  taller  at 
the  end  of  the  second  year  than  those  of  1,  and  were  relatively 
more  susceptible  to  deer  browsing  than  the  rest  of  the  species 

3<.   The  New  York  ecotype  is  intermediate  between  1  and  2,  with  respect 
to  winter  hardiness  and  height  growLh. 

It  is  believed  all  ecotypes  are  diploid.   Also,  Meuli  and  Shirley  (1937) 
collected  seed  of  red  ash  from  83  localities  in  t  e  Great  Plains  region  and 
grew  the  seed  in  northern  Minne^ota^  They  found  the  young  tre^s  to  belong  to 
three  g^-netical^y  different  populations.  Each  was  distinct  as  to  geograjhic 
range  drought  resistance,  growth  rate  n\imber  of  leaves  per  plant,  and  leaf 
-'  oloring. 

A  biometrical  stucy  was  made  by  Anderson  and  Hubricht  (19'8)  of  the 
leaves  of  suga  maple  (Acer  saccharum  Marsh)  from  groves  in  various  parts  of  the 
United  States.   The  N-w  England  populat  on  seemed  to  vary  about  a  singl  plexus, 
A.  sac  char  \jm  proper;  those  of  so  thwest-rn  Michigan  had  two  almost  discontinuous 
cent-rs  of  vaiiation.  A,  saccharum  proP' r  and  A„  nigrum  Mchx,  f .  .  while  groves 
in  southern  Missouri  and  southern  Illinois  either  resembled  those  in  Michigan  or 
else  h  d  no  r-  gn'zatl.-  center  of  va-iation,  Wright  (19^9)  observed  loc- 1 
genetic  variation  in  silver  maple.   Seedl'.ngs  from  open-pollinated  seed  from 
nine  wild  tre^s  in  four  different  localities  of  Indiana  after  2  years  showed  no 
significant  differences  in  height  or  diameter,  but  did  show  marked  variation  in 
branchiness  and  frost  tend'  rness. 
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Black  locust  has  been  known  for  its  variability  for  a  long  time» 
Inasmuch  hs  two-thirds  of  all  the  hardwood  planting  in  the  Southern  states 
is  of  black  locust^  it  is  important  that  seed  of  good  source  be  used, 
Morrison  (1935)  and  Raber  (1936)  describe  a  variety  known  as  shipmast  locust, 
growing  on  Long  Island,  New  York,  that  is  tall  and  of  good  form.   It  differs 
in  bark,  stem,  and  flower  characters,  and  in  the  exceptional  durability  of 
wood  in  . ontact  with  soil.   It  produces  very  few  seed,  however,  and  is  usually 
propagated  by  root  cuttings «   The  Central  States  Forest  Experiment  Station, 
Schreiner  (I938),  started  work  with  22  strains  in  a  search  for  strains  resis- 
tant to  locust  borer  o  Minckler  (19^)  reported  that  the  shipmast  strain 
showed  no  superiority  in  growth  and  form  to  local  common  black  locust  when 
planted  m  the  uplands  of  southern  Illinois,  Hopp  (19^1)  found  wide  varia- 
tion in  the  orm  of  open-grown  trees  in  eastern  United  States.   He  divided 
then  m  o  pinnate,  s  reading,  and  palmate  growth  forms.   Two  or  three  forms 
may  grow  side  by  side  within  short  distances,  A  distinctive  strain  has  been 
found  m  Randolph  County,  West  Virginia  (Anon,  19^8).  The  trees  are  in 
scattered  st  nds  of  ta.ll,  straight  tre  s  superior  to  others  in  the  county. 
They  produce  seed,  while  the  shipmast  strain  is  very  poor  in  this  respect. 
They  come  true  to  seed  even  when  grown  in  other  localities,  and  have  been 
named  West  Virginia  ocust. 

In  Populus  species  of  various  geograph'c  origins,  Pauley  (1950) 
found  marked  variation  between  c  ones,  which  he  attributes  to  genetic  differ- 
ences. Many  variations  concerne  time  of  cert  in  physiological  functions, 
especially  leaf  em  rgence  in  spring  and  growth  terminati  n  and  leaf  fall  in 
the  autumn^  P,  trichocarpa  clones  from  Alas   finished  growth  m  the  lutter 
part  of  August  at  the  latitude  of  Boston,  whereas  those  of  southern  Oregon 
origin  remained  in  active  growth  until  the  middle  of  October,  All  clones  of 
far  northern  origin  were  unifoimly  dwarfed  when  grown  in  the  shorter  day  of 
the  Boston  latitude.   Other  apparent  ecotypic  variables  include  growth  rate, 
branching  habit,  s^^em  form,  leaf  -  nd  bark  colors,  leaf  shape,  and  resistance 
to  Melampsora  rust.  ■ 

Rapes  of  tree  species  m  (or  from)  foreign  countries. --Many  provenance 
studi-  s  have  been  made  in  Europe  and  other  ar  as  because  of  the  importance  of 
planting  in  their  forestry  work.  This  is  particularly  true  of  countries  th^t 
have  few  native  species  and  hav  to  import  seed  of  other  desirable  species. 
Experience  has  taught  that  success  of  these  plantings  aepends  upon  obtaining 
seed  of  correct  provenance.   It  is  for  this  reason  that  during  recent  years 
foresters  from  Australia,  Sweden,  Denmark,  <-.nd  Norway  have  traveled  in  the 
United  St  tes  siiudiying  racial  variation  and  individual  tree  variations.  They 
hope  to  obtain  the  best  stock  for  planting  in  their  countries. 


Scots  pine  has  been  studied  for  a  number  of  years  and  has  shown  itself 
to  be  extremely  variable.  These  studies  are  reviewed  because  of  the  value  they 
might  have  in  planning  similar  studies  in  this  country,  Dengler  (1938)  studied 
Scots  pine  of  foreign  provenance  in  the  second  generation.  Although  the  source 
of  pollen  had  been  impossible  to  establish  with  any  degree  of  probability,  the 
second  j<,eneratijn  showed  a  good  general  agreement  with  the  first,  and  the 
several  races  continued  to  differ  among  themselves  in  the  characters  mentioned. 
In  addition,  the  second  generation  varied  m  straightness  of  stem,  needle  charac- 
ters, and  anomalies  of  bud  formation.  According  to  Dengler,  Munch  was  unable 
to  find  evidence  of  acclimatization  in  the  first  generation,  and  according  to 
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the  present  study  no  such  tendency  is  observable  in  the  second.   In  New  York, 
Littlefield  (1939)  found  5-year-old  trees  of  Scots  pine  showed  marked  differ- 
ences in  height  growth  between  trees  of  Belgian,  Baltic,  "!erman,  and  Nebraskan 
provenance »   Gavris  (1939)  reported  on  selection  of  rust-resistant  forms  of 
Scots  pine  in  Russia.   Seedlings  grown  from  the  seed  of  mother  trees  that  pro- 
duced comparatively  heavy  seed  were  relatively  immune,  and  the  degree  of  im- 
munity was  generally  higher  in  seedlings  with  six  to  eight  cotyledons  than  in 
those  with  four  to  five.   In  two  lots  of  seed  where  weight  of  1,000  seed  was 
about  i+,000  grams,  infection  was  kk   and  39  i)ercent;  where  weight  was  5,700  and 
5,780  grams,  infection  was  12  and  19  percent. 

Lindquist  (19^^-0)  describes  tvro  main  races  of  Scots  pine  in  Sweden:  a 
narrow-crowned  race  that  predominates  in  the  north  and  a  broad-crowned  race 
ocQurring  more  commonly  in  the  south.   Ticbc  (19^0)  studied  specific  gravity 
and  crushing  strength  of  the  wood  of  Scots  pine  from  eight  countries  in  Europe. 
Frequency  curves  for  specific  gravity  were  constructed  for  a  large  number  of 
samples.   It  was  shown  that  the  curves  for  individual  stems  were  mostly  the 
some  or  at  least  similar  within  a  race  and  differed  from  those  of  other  races. 
Two  subraces  occurred  in  both  material  of  Scottish  and  Belgian  provenance, 
Spe  ific  gravity  was  sho^m  to  be  a  function  of  the  assimilation  capacity  of 
the  crown.   Heavy  and  light  stems  were  found  within  a  race.  Wood  from  the 
French  and  one  subrace  of  Belgian  trees  was  the  heaviest,  and  varied  little 
within  individual  stems,  that  from  the  Brandenburg,  Belgian  (the  second  sub- 
race),  Scottish  and  East  Prussio.n  races  was  medium  heavy  but  varied  within 
individual  stems;  that  from  the  Perm  race  was  also  of  medium  weight,  but 
varied  less;  and  that  from  the  Kurland  and  Perm  races  was  the  lightest  and 
varied  little.   The  investigation  showed  that  the  diff'  rcnce  in  the  specific 
gravity  of  wood  from  individual  stems  was  not  traceable  to  the  influence  of 
the  habitat.   Comparison  of  figures  for  crushing  strength  indicated  that  in 
spite  of  individual  variation  there  were  considerable  differences  between  the 
races  m  this  respect,  also.  Burger  (19^1)  found  differences  in  specific 
gravity  between  races  in  a  test  of  32-year~old  Scots  pine  trees  of  different 
provenance  grown  at  three  different  elevations  in  Germany.  When  the  weight 
of  fresh  needles  required  to  produce  a  cubic  meter  of  sterawood  was  computed, 
it  was  found  that  pines  of  different  provenance  grown  on  the  same  site  re- 
quired different  amo\Hits  of  needles  to  produce  the  same  Increment,  The  density 
of  oven-dry  wood  grown  on  the  same  site  varied  with  the  race,  Sylven  (19^0) 
reported  a  latitudinal  topocline  in  Scots  pine  in  respect  to  photoperiodic 
response,  Wagenknecht  (1939'  investigated  a  north-east,  south-west  topocline 
concerning  bark;  the  north-east  forms  had  a  smoother  bark  than  the  south-west 
ones. 

In  the  Vosges  mountains  in  France  (Anon,  19^1) >  two  forms  of  Scots 
pine  have  been  observed.   One  is  a  mountain  form  and  the  other  an  intermediate 
one.   Imported  strains  are  grown  on  the  plains.   Jacques  (19^1)  describes  a 
very  superior  race  of  Scots  pine  found  in  the  Forez  mountains  of  the  Central 
Massif,  Francois  (19^7)  describes  the  superior  race  of  Scots  pine  of  St,  Die 
in  the  Vosges,   It  can  be  divided  into  three  varieties,  distinguished  by 
diff  rent  types  of  bark,  Hess  (19^2)  describes  a  gray-barked  and  a  red-barked 
race.  The  former  occupies  chiefly  the  dry  slopes  of  the  Rhone  Valley  up  to 
1,000  meters'  elevation,  and  is  characterized  by  slow  height  and  diameter 
growth,  strong  branchiness,  a  flat  crown,  and  very  narrow  heartwood.   The 
red  race  is  widely  distributed  at  elevations  of  1,000  to  2,000  meters.   The 
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Lrees  reich  a  heijit  of  25  met  rs,  and  a  dob.h.  of  60  centimeters,  h  ve 
clean  boles,  a  po  nted  crown,  and  th-  stems  contain  wide  heartvood.  The? 
growing  stock  ofte-i  exceeds  300  cu,  m.   per  hectare  as  compared  with  100 
cu.  m.  per  hectare  of  the  gray-barked  rac-^«  The  gray  race  is  fit  for 
firewood  only,  whereas  the  red  race  furnishes  good  'timber. 

Schmidt  !'19^3)  fc,ives  the  results  of  experiments,  based  on  obser- 
vations of  3  million  S-ots  pine  from  all  the  German  regions  of  provenance 
planted  in  12  large  plots <.  The  various  provenances  were  compared  on  the 
ba- is  of  sensitr  eness  to  light,  disturbances  in  racial  development  caused 
b;-;  climate  or  humc^n  agency,  plant -substance  production  capacity,  length  of 
trunk,  density  of  stand  resistance  to  needle  shedding,  bra,nchiness,  faulty 
and  oblique  ^,ro'  th,  and  wound -healing  -apacity.  Meyer  (19^4)  reported  on 
the  nirrow,  pointed-crowned  fonns  of  Scots  pine  in  Prussia,  Hoimburger 
(19'^5)  found  thit  for  d'rect  use  under  the  conditions  at  the  Pjtawawa  For- 
est Experiment  Station  in  Ontario,  the  best  st  ains  of  Scots  pine  are  thore 
from  East  Prussia,  Latvi  ,  ana  Poland,  Pudolf  (l9^8a)  examined  Scots  pine 
plantings  in  the  Chippewa  N(.  tional  For  st  during  the  winter  of  19^7-^-8, 
and  found  wiitcr  injury  to  foliage  varied  greatly  according  to  seed  origin. 
Trees  grown  from  seed  native  to  localities  in  the  same  climatic  zone  as  the 
Chippewa  National  Forpsc  were  largely  uninjured,  but  those  grown  from  seed 
originating  in  milder  climate  had  c  1  rge  part  of  their  needles  ka  led. 

Vaa  Vloten  (19^9)  gave  results  of  measurements  on  21-year-old  Scots 
pine  of  different  provt nance o  The  rev  al  great  differences  in  rowth 
among  tree.'i  of  different  provenance,  Du  ch  as  well  as  foreign.   Some  im- 
ported strains  were  v,qual  in  quality  o  the  better  home-grown  strains  and 
may  be  useful  for  selection  and  tree-br  eding  purposes.  Scanoni  (1950) 
analyzed  the  F2  of  artificial  crosses  betv/een  Scots  pine  of  different  re- 
gions and  varieties.  The  height  growth  of  the  trees  of  the  crosses  showed 
in  the  F2  thr  same  behavior  as  in  Fi.   Crosses  of  different  origins,  which 
in  the  Fi  showed  a  c-rtain  heterosis  m  ^rowth,  did  not  maintain  this 
heterosis  in  F2>  hut  they  t  nded  to  occvpy  an  intermediate  state  betw  on 
the  parents.  The  bvnt-stem  form  of  the  southwest  German  pine  was  dominant 
in  crosses  with  the  straight  stem  forms  of  east  German  origin,  whereas  the 
better  stem  form  of  the  French  pines  showed  an  intermediate  behavior. 

In  Europe,  Austrian  pine  (Pinus  nigra)  has  been  found  to  consist  of 
several  varieties,  as  reported  by  Delevoy  (1950),  who  analyzed  sample  plot 
data  of  several  provenances  at  different  stations  in  Belgium  and  found 
small  differences  in  height.   The  Corsican  provenance  is  somewhat  the  more 
productive  on  good  soils,  but  the  Austrian  provenance  should  be  very  profit- 
able on  poor  marginal  soils. 

Horway  spruce  has  been  found  to  have  a  number  of  geographical 
strains o  Rubner  (19^1)  found  spruce  of  the  plate  type--having  a  layered 
crown  structure  because  the  branches  of  the  first  order  extend  rigidly  at 
a  right  angle  to  the  stem — growing  at  two  localities  of  the  Bavarian  Alps. 
Burger  (19^1)  gives  the  results  of  a  ^0-year-old  plantation  of  spruce  of 
two  provenances  grown  at  two  locations.  At  one  location  one  of  the  races 
had  much  better  height  and  diameter  growth,  but  at  the  other  the  two  races 
showed  the  same  increment.  One  test  planting  was  at  an  elevation  of  ^4-70 
meters  and  the  other  at  1,600  meters,  Bornebusch  (19^1)  gives  data  for  22 
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years  of  growth  of  Norway  spruce  plots  of  eight  provenances  planted  in 
Denmark o  Minimuin  growth  was  made  by  the  Steinkjer,  Norway,  provenance  and 
was  109  cu»  meters,  or  5  '^Uo  meters  per  y^ar.   Best  was  Ghuringia,  Germany, 
220  cu,   meters  or  10  per  year.  The  Danish  Grib  Sko  provenance  is  relatively 
late  m  flushing  and  less  susceptible  to  night  frost  in  spring  than  other 
strains.   It  is  recommended  for  districts  with  comparatively  severe  climates, 
whereas  for  the  middle  regions  the  Ghuringian  provenance  is  preferable, 
though  seed  of  good  Danish  or  central  European  provenances  can  also  be  used. 
Average  height  data  for  spruce  of  different  German  provenances  grown  at 
Tharandt,  after  7  years  ranged  from  ^i-O  to  88  cm.,  Rubner  {l^kk) .     The  height 
growth  of  seed  from  the  higher  elevation  was  relatively  less  than  that  of 
seed  of  other  provenances  in  the  same  forest  area„   It  appears  that  the 
e  ev  tion  Im* .  dividing  fast-  and  slow-growing  races,  varies  for  the 
different  mountain  regions,  being  relatively  higher  in  the  more  southern 
mountains  of  G  rmany.  There  was  no  evidence  of  a  gradual  decrease  in  height 
growth  with  increase  in  elevation  of  the  provenance.  Heimburger  (19^5) 
found  that  at  the  Petawawa  Forest  Experiment  Station  in  Ontario,  the  best 
strains  of  spruce  were  those  from  Valea  Mare,  Roumania,  from  northern  Ger- 
many and  the  Black  Forest,  besides  the  progeny  of  selected  trees  of  a  plan- 
tation alreal  established  at  the  Station.   Baldwin  (19^9)  reported  differ- 
ences in  growth  of  Norway  spruce  of  a  number  of  European  provenances  planted 
at  Fox  Forest.  New  Hampshire,  in  1933  "to  I9380 

In  studies  of  European  larch  of  different  seed  origin,  Rubner  (l9^1a) 
reported  on  n.   study  of  a  10-year  provenance  trial  in  Geimanyo   Seed  was  ob- 
t -lined  from  various  regions  of  the  Alps  eastern  Sudeten  country,  higher 
and  lower  Latra.  Poland,  and  Scotland,  The  fastest  early  growth  was  made 
by  the  Sudeten  ra  e»   Larches  from  the  lower  altitudes  in  the  Alps  made 
good  growth,  those  from  intermediate  elevations  made  slower  growth,  while 
those  from  high  altitudes  were  diotmctly  slow  growingo  Von  Wettstein 
(19^2)  found,  in  small-seal':?  nvestigations  with  larch  seed  from  different 
altitudes  and  aspects  of  the  Gschnitz  valley  in  northern  Tyrol  that  seed 
from  over  1,500  meters'  elevation  produced  at  the  end  of  one  growing  season 
stock  having  on  an  average  about  half  as  many  needles  as  that  grown  from 
seed  from  1,300  to  ..,500  meters  altitude.   Seed  from  southern  aspects  pro- 
duced stock  having  a  higher  dry-ma  ter  content  than  did  seed  from  northern 
aspects.  Deng''er  (19^2)  gives  an  account  of  in/estigations  on  7-  to  9-year- 
old  tre-s  of  btiven   provenances  of  European  larch.  Two  Sudeten  provenances 
and  one  from  3il_sia  gave  the  best  height  growth.  The  stem  forai  was  good  in 
al  provenances,  but  best  in  th  Weiner  Wald.  The  color  of  the  female  flowers 
of  the  two  Sudet  n  provenances  and  of  the  Silesian  and  Schlitz  provenances 
was  frequently  green  instead  of  red  or  rose,  Schreiber  (l9^^)  found  differ- 
ences in  bark  per  ^entage  and  h^artwood  formation  in  local  races  of  European 
larch,  Auer  ( 19-^6)  from  his  studies  in  Switzerland  found  that  the  present 
results  show  -in  addition  to  the  unexpectedly  large  differences  in  growth, 
at  least  in  youth,  reported  by  previous  workers  for  larches  from  different 
geographical  reg  ons--that  there  is  a  considerable  variation  in  the  increment 
of  larch?s  f  .'om  ifferent  site^  within  the  same  general  area  of  distribution. 
In  general,  'he  voider  the  difference  in  cljmate  between  the  localities  of 
origin,  the  more  pronounced  are  the  racial  differences,  Auer  concludes  that 
the  species  Larix  decidua  Mill   (L,  europaea  Lam.  et  D.  C)  must  be  considered 
a  very  complex  a,ggregate  of  varieties,  subvarieties,  local  types  and  races, 
very  closely  adapted  to  their  stations.   It  is  impossible  as  yet  to  indicate 
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the  race  that  will  suit  a  particular  site  in  all  respects »   The  chief  con- 
clusion is  that  so  far  as  possible  seed  should  be  collected  from  the  immediate 
vicinity  of  the  area  to  be  regenerated. 

Baldwin  (l9^9a)  reported  on  growth  of  European  larch  after  k   years 
of  growth  at  Fox  Forest,  New  Han5)shireo  Seed  from  ^7  sources  in  Europe  were 
planted o   Indications  are  that  seed  collected  at  the  higher  elevations  and 
at  the  colder  localities  in  the  lowlands  resulted  in  slower  growing  plants 
than  those  from  medium  elevations  in  central  Europe.   Seed  from  Poland  and 
medium  elevations  in  Austria  and  Czechoslovakia  have  so  far  exhibited  the 
most  rapid  growth.   In  Wales,  Varma  (19^9)  found  that  the  race  of  European 
larch^  called  Darnaway,  from  Scotland,  proved  to  be  the  best,  and  the  race 
from  Inn  Valley,  Austria,  the  worst.  He  found  the  length  of  branches  is  a 
morphological  character  which  distinguishes  the  race;  the  angle  of  branching 
does  not.  Height  growth  is  also  a  racial  character  and  may  be  used  to  sep- 
arate races  under  similar  soil  and  vegetation  caiditions.  There  are  signi- 
ficant differences  between  provenances  in  respect  to  straightness  of  stem 
and  liability  to  lose  the  leading  shoot. 

Of  maritime  pine,  Duff  (1928)  reviewed  the  varieties  and  geographical 
forms  in  Europe  and  South  Africa,  Perry  (19^0)  recognized  four  races:  (l) 
Landes  (French  Atlantic  coast),  (2)  Portuguese  (forests  of  Leiria  and  Marinha 
Grande),  (3)  Corsican,  and  {k)   Esterel  (Esterel  and  Var  regions,  southern 
France,  or  Lucca  in  northern  Italy),  Under  western  ATJstralian  conditions  the 
Portuguese  strain  is  faster  growing  than  any  others,  exhibits  particularly 
good  form,  and  is  now  being  planted  almost  exclusively.   The  strain  desig- 
nated as  Esterel  has  not  only  a  very  slow  rate  of  growth  but  also  poor  form. 
The  Portuguese  race  is  superior  to  others  when  planted  in  South  Afi*ica, 
according  to  Rycroft  and  Wicht  ( 19^+7) «   Plantings  were  made  in  193^  to  193^ 
with  six  races. 

Laurie  (193^)  discussed  seed  origin  and  its  importance  in  Indian 
forestry.  He  reported  (1938)  four  different  types  of  branching  seen  in 
teak  plantations  and  the  probability  of  their  being  due  to  hereditary  fac- 
tors.  It  appears  that  varieties  arising  from  seed  from  dry  localities  may 
have  considerably  exaggerated  characteristics  when  raised  in  damper  and 
more  favorable  conditions.  He  emphasized  the  necessity  for  ascertaining 
that  the  seed  comes  from  a  good  origin  when  making  teak  plantations.   Sen 
Gupta  (19^1)  also  discussed  the  importance  of  seed  origin  in  teak.  For 
ease  of  establishment  and  early  development,  it  seems  that  seed  of  local 
origin  is  superior  to  that  of  distant  origin  within  the  natural  range  of 
teak,  but  it  is  probable  that  for  growth,  form,  timber  quality,  branchiness, 
and  crop  increment  per  acre,  different  origins  will  show  trends  independent 
of  -their  early  behavior,  Kadambi  (19^5)  reported  it  has  long  been  observed 
by  forest  officers  in  Mysore  that  teak  seed  from  the  Kabakote  (moist)  dis- 
trict of  Mysore,  when  used  in  plantations,  produces  stunted,  relatively  low, 
branchy  trees  with  a  relatively  large  number  of  insect  galls.  Trees  of 
this  origin  are  also  more  susceptible  to  defoliator  attack,  shed  their 
leaves  earlier,  and  sprout  later  than  do  those  of  Shimoga  (Mysore,  dry) 
origin.  Teak  has  been  raised  in  Trinidad  from  seed  imported  both  from 
southern  India  and  Burma;  seed  from  the  latter  source  provides  much  the 
better  growth  under  the  prevailing  conditions  (Beard,  19^3). 
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A  considerable  amount  of  selection  and  breeding  has  been  done  with 
poplars  in  the  United  States  and  abroad,  because  of  its  value  as  a  pulpwood 
species.  The  status  of  this  work  has  been  summarized  in  an  excellent  manner 
by  Pauley  (19^9)>  including  the  results  of  selection.  Selection  of  desir- 
able variants  and  races  has  been  carried  on  in  Sweden  (Lindquist,  19^8). 
In  France  two  races  of  Populus  tremula  have  been  described  by  Silvy-Leligois 
(19^9).   One  is  a  mountain  race  which  grows  on  well-drained  slopes,  ani  th-"' 
other  a  plains  race  which  grows  on  the  valley  bottom  and  even  in  the  river. 
The  moimtain  race  is  straight  and  well  formed,  with  large,  smooth  leaves, 
and  shows  early  and  active  self -pruning.  The  plains  race  is  inclined  to  be 
crooked,  with  flattened  crown,  small  leaves  often  tomentose  on  the  lower 
side,  and  dead  branches  that  often  persist  for  a  long  time. 
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Chromosomes --Dark -staining  bodies  visible  under  the  microscope  in  the  nucleus 
of  the  cell  at  the  time  of  cell  division.   The  chromosoraes  carry  the 
genes,  lineally  arranged,  which  control  the  development  of  mendelian 
characters . 

Cline--A  pattern  of  genetical  variation  in  which  the  differences  of  a  character 
or  characters  are  graded  in  a  definite  direction  of  geographic  space. 

Clone — A  group  of  organisms  composed  of  individuals  propagated  vegetatively, 
not  by  seeds,  from  a  single  original  individual. 

Cytoplasm- -The  protoplasm  of  a  cell  exclusive  of  the  nucleus. 


1/  These  terms  have  been  adapted  from  the  glossaries  in  U.  S.  Department 
of  Agriculture  Yearbook  for  I936  and  Forest  Tree  Breeding  and  Genetics,  by 
Richens;  also  from  the  Dictionary  of  Genetics,  by  Knight. 


-  dk   - 


I 


A  Glossary  of  Genetic  Terms- 
Allelomorph — Mendelian  characters  are  inherited  in  alternative  pairs  (or 

series).  These  alternative  forms  of  a  gens,  which  are  located  at  the 
same  point  on  each  one  of  a  pair  of  chromosomes,  are  called  allelo- 
morphs. Examples:  Albinism  (recessive),  normal  pigmentation  (dominant); 
horns  (recessive),  hornlessness  (dominant).  Allel,  allelic  (adj.) — 
variants. 

Amphimixis--The  union  of  maternal  and  paternal  elements  in  gametic  fertiliza- 
tion. See  apomixis, 

Apomixis --Reproduction  in  which  the  sexual  organs,  or  related  structures,  take 
part,  but  in  which  there  is  no  fertilization,  so  that  the  resulting  seed 
is  of  vegetative  nature.  See  amphimixis. 

Backcross--Cross  of  a  hybrid  to  one  of  the  parental  types. 

Biotype--A  group  of  individuals  all  of  one  genotype. 

Blending  inheritance--Inheritance  in  which  dominance  of  either  parental  char- 
acter is  lacking.  Genetic  and  biometrical  methods  have  shown  that  this 
is  due,  in  many  cases  at  least,  to  the  interaction  of  several  multiple 
factors  independently  inherited.  ■ 

Character  (a  contraction  of  characteristic) — A  term  used,  often  rather  vaguely, 
to  designate  any  form,  function,  or  feature  of  an  organism.   The  mendelian 
characters  of  genetics  represent  the  end  product  of  development  in  which  a 
■■   definite  gene,  or  genes,  have  a  decisive  effect.   The  constant  and  un- 
changing thing,  therfore,  is  the  factor  (gene)  itself  rather  than  the 
character,  and  the  unity  which  Mendel  observed  lies  rather  in  this  imder- 
lying  factor  than  in  the  visible,  and  perhaps  variable  character,  which 
it  produces . 


( 


Dihybrid-'-An  individual  from  a  cross  between  parents  differing  in  two  genes 
or  differing  in  two  specified  geres. 

Diploid --Having  two  chromosome  sets  only. 

Dominant--A  character  possessed  by  one  of  the  parents  of  a  hybrid^  which  is 
manifested  in  the  hybrid  to  the  apparent  exclusion  of  the  contrasted 
character  from  the  other  parent  (the  recessive).  Thus  in  a  cross  of 
green-  and  yellow-seeded  peas  the  first  generation  has  yellow  seeds. 
Yellow  is  dominant  and  green  is  recessive,  being  transmitted  but  not 
appearing  m  the  presence  of  the  factor  for  yellow. 

Dysgenic--Tending  tcward  racial  deterioration,  in  particular  toward  a  loss 
of  vigor  and  productiveness. 

Ecocline--The  graduations  of  variation  produced  within  a  species  by  its 
reaction  to  the  different  ecological  zones  in  which  it  occurs. 

Ecospecies,  ecotype--A  distinct  race  resulting  from  the  selective  action  of 
a  particular  environment.  More  strictly  "ecotype"  is  "used  as  an 
ecological  sub-unit  to  cover  the  product  arising  as  a  result  of  the 
genotypical  response  of  an  ecospecies  to  a  particular  habitat  '  and 
"ecospecies"  is '*the  genotype  compound  narrowed  down  to  the  ecological 
combination  limit." 

Eugenics --The  science  which  deals  with  influences  that  improve  inborn  or 

hereditary  qualities  of  a  race  or  breed,  especially  of  the  human  race. 

F-|--The  first-generation  offspring  of  a  given  mating, 

Fp--The  second  filial  generation.  The  first  hybrid  generation  in  which 
Mendelian  segregation  occurs.   Produced  by  intercrossing  or  self- 
fertilizing  the  F,  .   F^,  F>,  etc.,  denote  later  generations  from  a 
given  cross. 

Factor--A  unit  occupying  a  fixed  chromosomal  locus  and  governing,  or 

affecting,  the  transmission  and  development  of  a  heritable  character; 
gene. 

Factor-pair — Allelomorphs . 

Form--A  subdivision  of  a  botanical  variety  distinguished  by  sane  minor  char- 
acter.  In  systematic  botany,  forms  are  represented  by  quadrinomial 
Latin  names . 

Gene --The  unit  of  inheritance  which  is  transmitted  in  the  germ  cells,  and 
which  by  interaction,  with  the  genie  and  cytoplasmic  complex  and  the 
environment,  controls  the  development  of  a  character.  The  genes  are 
supposed  to  be  arranged  lineally  in  the  chromosomes. 

Genetics--The  science  of  heredity,  variation,  sex  determination,  and  related 
phenomena . 
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Genotype--The  entire  genetic  constitution,  expressed  and  lat?nt,  of  an  or- 

g^nisra»  The  term  can  also  be  used  in  dealing  with  the  genetic  constitu- 
tion of  an  individual  with  respect  to  any  limited  number  of  gen'»s  und  ^r 
examination.  A  group  of  organisms  all  with  the  same  factorial  constitu- 
tion,  (See  phcnotype)  M 

Genotypes,  number  of --The  number  of  distinct  genotypes  expected  in  F^  is  giv.in 
by  calculating  3  where  N  is  the  number  of  factor-pairs  involved.   In  a 
backcross,  the  number  of  genotypes  is  2  . 

Haploid- -Having  on^  chromosome  set  only. 

Heritable --Capable  of  being  inherited. 

Heterosis --The  manifestation  in  a  hybrid  of  a  degree  of  vigor  superior  to  ./ 
that  exhibited  by  either  of  the  parents. 

Heterozygous — Containing  both  genes  of  an  allelomorphic  pair,  or  two  genes  of 

an  allelomorphic  series.  Heterozygous  individuals  usually  either  resemble 
the  individuals  homozygous  for  the  dominant  character  or  are  intermedlat-^" 
with  respect  to  this  character.  They  transmit  the  recessive  gene  to  half 
their  offspring. 

Homozygous--lo  /~"An  organism/  formed  by  like  germ  cells.   2.  An  organism  is 

said  to  be  homozygous  for  a  given  character .when  all  its  germ  cells  trans- 
nit  identical  genes  for  this  character.   This  is  the  most  frequently  used 
meaning  of  the  term. 

Hybrid--Th  offspring  of  two  parents  unlike  one  another  in  one  or  more  heritable 
characters . 

Interspecific  selection--Selection  which  operates  to  improve  the  competitive 

power  of  one  species  in  relation  to  other  species,  as  distinct  from  intra- 
specific  selection,  q.v. 

Intraspecif ic  selection--Selection  which  operates  as  between  individuals  within 
a  species,  as  distinct  from  interspecific  selection,  q.v. 

Mass  selection — Selection  of  a  group  of  superior  individuals  for  breeding  pur- 
poses.  The  progeny  are  not  kept  separate  according  to  individual  female 
parents » 

Mendel's  law--Mendel  enunciated  three  basic  principles  of  heredity:  (l)  In- 
heritance of  character  determiners  (genes)  as  allelomorphic  xmits ,  not  as 
a  blend;  (2)  dominance;  (3)  independent  random  segregation  of  allelomorphs 
in  the  formation  of  gametes  and  their  random  recombination  at  fertiliza- 
tion. As  a  consequence  of  these  conditions,  a  given  allelomorphic  pair  of 
unit  characters  appears  in  a  certain  definite  predictable  ration  (3:1; 
1:2:1,  l-l)  among  the  progeny  of  a  given  mating. 

Mother  tree  selection--Selection  of  mother  trees  without  controlling  the 

pollen  parent.  The  progeny  are  kept  separate  by  individual  mother  trees. 
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Multiple  factors --Two  or  more  pairs  of  factors  having  a  sinilar  supple- 
mentary, complimentary,  or  cumulative  effect.   In  a  broader  sense,  any 
factors  working  together  to  produce  a  single  result. 

Mutant~-An  individual  which  has  suddenly  acquired  a  heritable  variation  not 
present  in  the  parent  form,  and,  by  extension,  the  offspring  of  such  an 
individual  as  "mutant  race,"  "mutant  strain." 

Mutation- -A  sudden  variation  that  is  later  passed  on  through  inheritance,  and 
that  results  from  changes  in  a  gene  or  genes. 

Ortet--The  one  original  plant  from  which  a  clone  ultimately  derives. 

Phenotype - -The  organism  as  exemplified  by  its  expressed  characters,  as  con- 
trasted with  its  genetic  constitution  (the  genotype), 

Phenotypic- -Appertaining  to  the  physical  makeup  of  an  organism  or  group  of 

organisms  as  distinct  from  their  genetic  makeup.  The  phenotypic  effect 
of  any  particular  £ene  on  an  organism  is  its  outward  measurable  quanti- 
tative or  qualitative  effect  on  that  organism. 

Polybrid--A  group  name  for  hybrids  from  crosses  between  two  particular 
species,  varieties,  or  genera. 

Polygenic  character--A  character  whose  inheritance  is  controlled  by  many 

genes  each  having  an  effect  which  is  small  compared  with  nonheritable 
variation, 

Polyploid--Having  more  than  two  sets  of  chromosome  (see  diploid  and  haploid). 

population--A  group  of  individuals  among  which  interbreeding  and  gene  exchange 
can  occur. 

Provenance --Place  of  origin. 

Pur  line--A  strain  of  organisms  that  is  genetically  pure  (homozygous) 

because  of  continued  inbreeding  or  self-fertilization,  or  through  other 
means , 

Race  -A  naturally  occurring  variety, 

Ramet — -An  individual  member  of  a  clone. 

Recombination— The  rearrangement  of  linked  genes  due  to  crossing-over. 

Roguing--Elimination  of  unsatisfactory  plants  in  selection. 

Segregation- -Separation  of  the  genes  of  a  pair  in  the  formation  of  germ  cells, 
the  two  genes  going  to  different  gametes.  Segregation  is  manifested  in 
the  Fp  (dnd  later  hybrid  gens  rat  ions)  as  a  separation  and  distribution  to 
different  individuals  of  the  Mendelian  characters  in  which  the  parents  of 
the  F^  hybrid  differed. 
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Selection  -The  choice  (for  p?!rpetuation  by  reproduction)  from  a  mixed  popu- 
lation of  the  individuals  possessing  in  common  a  certain  character  or 
a  certain  degree  of  some  character.  Two  kinds  of  selection  may  be  dis- 
tinguished, (l)  natural  selection,  in  which  choice  is  made  automatically 
by  the  failure  to  reproduce  (throvigh  d  ^.th  or  some  other  cause)  of  the 
individuals  who  are  not  "fit"  to  pass  the  test  of  the  environment 
(vitality,  disease  resistance,  speed,  success  m  mating,  or  what  not); 
and  (2)  artificial  selection,  in  which  the  choice  is  made  consciously 
by  man,  as  by  a  plant  or  livestock  breeder,  for  characters  of  value  to 
man. 

Sport- -A  mutation;  an  abrupt  deviation  from  type, 

Strain--A  group  within  a  variety  which  constantly  differs  in  one  or  more 
genetic  factors  from  the  variety  proper. 

Subspecies--  The  subspecies  or  geographic  race  is  a  geographically  localized 
subdivision  of  the  species  whic  differs  genetically  and  t  xonomically 
from  other  subdivisions  of  th .  species.    f  ^r%  '  t^   '^ 

Topocline--A  cline  in  respect  of  topographical  factors. 

Trait--A  term  or  ten  used  as  a  sii^'Tionym  of  "ch  racter." 

Varia  ,t--An  organism  differing  slightly  from  the  type, 

Variation--In  biology,  the  occurrence  of  differences  among  the  individuals  of 
the  same  fpecies  or  va  i  ty. 

Variety--A  group  of  strains  or  a  single  strain  which,  by  its  structural  or 
functional  characters,  can  be  diffT:.rentiated  from  another  group.   They 
are  usually  repr-sented  by  trinomial  Latin  names. 


86  - 

Agriculture -Asheville 


i 


aGRICDLTURAL  reference  DtH-':U, 
CLEMSOK  COLLEGE  LIBKiiai 


April  1952 


COMPARATIVE  STUMPAGE  PRICES 

for 

Small  Pine  Saw  Timber 

and  Pulpwood 

by 
J.  A.  McClay 


SOUTHEASTERN  FOREST 

EXPERIMENT  STATION 

Asheville,  North  Carolina 

C.  oQ.  Jbemmonf 
director 


U.  S.  Department  of  Agriculture  -  Forest  Service 


- 


COMPARATIVE  STUMPAGE  PRICES 
FOR  SMALL  PINE  SAW  TIMBER  AND  PULFWOOD 

T.  A.  McClay^  Forester 
Southeastern  Forest  Experiment  Station 


The  purpose  of  this  paper  describing  comparative  stumpage  prices  is 
to  provide  a  convenient  marketing  aid  for  sellers  of  pine  stumpage  who 
wish  to  know  whether  it  is  more  profitable  to  sell  their  stumpage  as  saw 
timber  or  pulpwood„ 

In  the  southern  Piedmont^  the  dominant  pine  markets  are  pulpwood  and 
saw  timber.   Integrated  sales  of  pulpwood  and  saw  timber  are  not  common, 
and  the  usual  sale  is  for  a  single  product.   Trees  below  8  inches  d.b.h, 
(diameter  breast  high)  are  seldom  cut  for  lumber,  and  trees  above  1^ 
inc.  es  d.b.h.,  where  size  and  quality  generally  favor  saw-timber  markets, 
are  not  commonly  cut  for  pulpwood »   Between  these  diameter  limits,  pine  of 
average  quality  is  commonly  bought  and  sold  in  lively  competition  between 
sawm'll  operators  and  pulpwood  contractors. 

Igno  ing  quality;,  the  pulpwood  stumpage  value  of  a  tree  or  stand  is 
the  product  of  volume  in  cords  and  the  obtainable  price  per  cord.   For 
the  same  tree  or  stand,  the  caw-timber  stumpage  value  is,  similarly,  the 
product  of  the  saw-timber  volume  and  the  obtainable  price  per  thousand 
board  feet.   If,  as  frequently  occurs,  an  owner  has  the  choice  of  selling 
to  either  a  pulpwood  or  a  saw-timber  market,  it  is  to  his  advantage  to 
know  how  the  obtainable  price  per  cord  and  per  thousand  board  feet  compare. 
For  example,  if  a  sale  is  contemplated  in  a  stand  where  the  trees  to  be 
sold  have  a  ratio  of  cordwood  volume  to  board-foot  volume  of  3  cords  for 
each  thousand  feet  of  saw  timber,  it  Is  clear  that  an  equivalent  saw- 
timber  stumpage  price  must  be  three  times  the  pulpwood  price  per  cord. 
Thus,  when  pulpwood  is  selling  for  3  dollars  per  ^^ord,  an  equivalent  saw- 
timber  bid  above  9  dollars  would  be  more  attractive. 

Comparative  prices  between  these  two  products  are  easily  obtained  by 
comparing  two  ratios,  one  of  which  is  a  characteristic  of  the  trees  to  be 
sold  and  the  other  a  market  condition.   The  first  is  the  ratio  of  cords/ 
MBF;  the  second  is  the  ratio  of  going  price  per  MBF  to  that  of  pulpwood 
per  cord.   When  the  two  ratios  are  equal,  neither  product  has  a  financial 
advantage.   This  situation  is  expressed  as  follows; 

Cords   =  Price  per  MBF 
MBF      Price  per  cord 

If  the  price  ratio  is  greater  than  the  volume  ratio,  a  saw-timber  sal-  is 
more  attractive  to  the  owner,  and  if  the  price  ratio  is  less,  a  pulpwood 
sale  is  preferred. 


Except  within  narrow  limits  of  bargaining^,  forest  owners  and  buyers 
are  not  able  to  alter  the  bidding  price  of  saw  timber  or  pulpwoodo   Con- 
sequently, the  price  ratio  at  the  time  of  sale  is  fairly  stable,  and  if 
the  owner's  choice  of  market  depends  upon  a  financial  advantage,  he 
should  know  something  of  the  volume  ratio  of  the  trees  to  be  sold. 

The  volume  ratio  (cords/MBF)  changes  with  all  the  factors  which  af- 
fect either  board-foot  or  cubic-foot  volume,  including  diameter,  fonn, 
and  height  of  the  tree,  utilization  practice,  and  method  of  scaling. 
One  method  of  obtaining  volume  ratios  is  to  construct  volime  tables  by 
diameter  and  height,  showing  average  cordwood  volume  to  a  pulpwood  top, 
and  average  board-foot  volume  of  the  saw-timber  portion  of  the  same  tree. 
Height  classification  may  be  by  total  height  or  by  merchantable  height 
in  number  of  pulpwood  bolts.  Tree  form  may  be  included  as  a  variable  if 
greater  precision  is  desired.  For  purposes  of  this  discussion,  and  for 
general  use,  these  variables  have  been  compressed  to  their  average  values 
in  a  local  volume  table  based  on  diameter  only. 

Tables  1  and  2  show  merchantable  height  and  volume  by  d.b.h.  classes 
for  average  trees  of  typical  loblolly  pine  stands  in  the  southern  Piedmont, 
on  the  Hitchiti  Experimental  Forest,  l/   In  each  diameter  class,  merchant- 
able height  of  saw  timber  is  to  a  nominal  7-inch  top,  and  merchantable 
height  of  pulpwood  is  to  a  U-inch  top,  inside  bark. 

Table  1, --Solid  and  stacked  pulpwood  volumes  of  average  trees 


D,b,h, 
(inches) 


5-lA-ft, 
bolts 


Solid 
volume 


8 

9 

10 

11 

12 

13 
Ik 


1 
7 
8 

9 
9 

10 


stacked 
volume  l/ 


Standard 
cords 

,08 
»11 
ol5 
.19 
.2k 
.29 
.37 


1/  Stacked  voliime  is  derived  from  solid  volume  and 
merchantable  height  by  the  equation:   Stacked  vol\ime  = 
, 00195 (#  of  bolts)  +  ,00932 (solid  volume).   Taken  from 
"Stacked  and  Solid  Volume  of  Southeastern  Pulpwood,"  by 
F,  X.  Schumacher,  Jour^  Forestry  kk:    579-82,  19^4-6, 


i 


1/  Southern  Piedmont  Research  Center  of  the  Southeastern  Forest 
Experiment  Station,  located  near  Macon,  Ga, 
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Table  2, --Board-foot  contents  of  average  trees  by- 
International  1/4-inch^  Scrlbner^  and  Doyle  log  rules 


D.b.h. 
(inches) 


Merchantable 
length  of  tree 


Saw-timber  volume 


Int,  1/4-in. 


Scrlbner 


Doyle 


Feet 


Bd.  ft 


Bdo  ft< 


Bd.  ft. 


8 

11+ 

20 

18 

12 

9 

18 

30 

27 

16 

10 

2i+ 

hh 

39 

22 

11 

28 

60 

53 

;0 

12 

32 

82 

71 

39 

13 

38 

106 

91 

56 

14 

42 

146 

125 

83 

Ratio  of 

Number 

of 

Cords 

per  M  Board  Feet 

The  stacked  volumes  in  table  1  and  board-foot  volumes  in  table  2  pro- 
vide a  basis  for  determining  the  ratio  of  number  ox  cords  per  M  board  feet 
by  doboho  classes  (table  3)» 

Table  3° --Ratio  of  nimiber  of  cords  per  M  board  leet  by 

International-  l/4-inch^  ScrTbner^  and  Doyle  log  rules 

(In  cords  per  M  board  feet) 


D,b.h. 
(inches) 

Int 

.   l/4-in. 

Scribner 

Doyle 

8 

4,0 

4.4 

6.8 

9 

3»7 

4a 

6. a 

10 

3^h 

3.8 

6,8 

11 

3»2 

3»6 

6,3 

12 

2.9 

3.^ 

6,2 

13 

2»7 

3o2 

5,2 

14 

2«5 

3.0 

4.5 

The  gross  error  in  estimating  board-foot  contents  by  the  Doyle  rule 
accounts  for  the  high  cords/MBF  ratios  when  using  this  rule.   The  Inter- 
national l/4-inch  rule  is  considered  to  provide  the  best  estimate  of 
actual  lumber  tally » 

Upon  detennining  the  number  of  cords  per  thousand  boa.rd  feet  by  d.b.h. 
classes  and  by  any  log  scaling  system^  the  comparative  stumpage  prices  for 
pulpwood  or  saw  timber  for  any  given  volume  ratio  may  be  read  directly 
from  the  chart  in  figure  1, 

Another  type  of  chart  which  some  may  wish  to  make  for  their  particu- 
lar locality  and  scaling  method  is  shown  in  figure  2.   This  chart  applies 
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Figure  1. — Comparative  stumpage  prices  for  pulpwood  and  saw 
timber  based  on  number  of  standard  cords  of  pulpwood  per 
M  board  feet  of  saw  timber.  Average  ratios  of  cords  per 
M  board  feet  for  different  tree  sizes  and  log  scales  can 
be  read  from  table  3« 
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Figure  2. --Comparative  stumpage  prices  for  loblolly  and 
shortleaf  pine  pulpwood  and  saw  timber,  International 
l/4-inch  scale,  m  the  southern  Piedmont.   This  scale 
most  closely  approximates  a  mill  tally  scale. 
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to  average  trees  in  the  southern  Piedmont_,  and  is  based  on  the  ratios  of 
cords/MBF  for  the  International  l/U-inch  scale  as  given  in  table  3"  Where 
Scribner  or  Doyle  log  rule  is  more  commonly  used,  a  similar  chart  based  on 
the  respective  ratios  of  cords/MBF  may  be  constructed « 


Application  of  Comparative  Stumpage  Values 

Anyone  with  merchandise  to  sell  ought  to  knov  something  about  it  so 
that  he  can  make  a  wise  trade ^  Most  sellers  of  stumpage  should  know  at 
least  how  many  trees  by  dob.h,  classes  he  has  for  sale  before  he  accepts 
a  final  bid^   In  typical  even-aged  stands^  where  all  the  trees  marked  for 
cutting  are  about  the  same  size,  a  single  average  diameter  is  sufficient. 
In  many-sized  stands,  where  the  trees  marked  for  cutting  have  a  wide  vari- 
ation, a  tally  of  trees  by  d.boh,  classes  would  be  more  usefulo 

By  using  the  volume  ratios  from  table  3  in  conjunction  with  figure  1, 
a  seller  of  stumpage  can  determine  whether  he  should  sell  his  trees  for 
pulpwood  or  saw  timber o 

For  example,  a  tally  of  trees  to  be  cut  in  an  even-aged  stand  may  in- 
dicate an  average  diameter  of  10  inches.  From  table  3  the  cords/MBF  ratio 
by  International  l/J+-inch  scale  is  3»^»   If  the  going  stumpage  price  for 
pulpwood  was  $3oOO  per  cord,  a  comparative  saw-timber  stumpage  would  be 
$10,00  per  M  board  feet  International  l/4-iJich  (see  figure  l) ,   If  the 
saw-timber  stiimpage  price  offered  is  more  than  this,  the  seller  should 
sell  his  trees  for  saw  timber;  otherwise,  he  should  sell  them  for  pulpwood. 
A  similar  procedure  would  be  followed  if  the  saw-timber  stumpage  price  was 
known  and  a  comparative  pulpwood  price  was  desiredo 

Where  the  small  quantities  of  cordwood  in  the  tops  of  saw-timber  trees 
can  be  marketed  for  pulpwood,  the  borderline  cases  can  best  be  decided  In 
favor  of  saw  timber.   In  the  interest  of  simplicity,  no  account  was  taken 
of  this  fact  in  the  determination  of  comparative  stimipage  values. 

If  a  cut  were  to  be  made  In  a  many=sized  stand,  there  would  be  a 
wider  range  of  diameters,  and  the  seller  mp.y  want  to  know  which  trees 
should  go  for  pulpwood  and  which  for  saw  timber.  Assuming  the  going  stump- 
age prices  are  $4,00  per  cord  ar;d  $15,00  per  M  International  l/4-lnch,  a 
cords/MBF  ratio,  taken  from  figure  1,  is  3,7,   Inspection  of  the  Inter- 
national-scale column  in  table  3  shows  that  the  3,7  ratio  applies  to  the 
9-inch  diameter.   Thus,  a  seller  would  receive  the  greatest  profit  by 
selling  trees  10  inches  and  larger  for  saw  timber  and  trees  9  inches  and 
less  for  pulpwood.   If  the  bulk  of  trees  were  under  10  inches,  he  would 
probably  have  to  sell  the  entire  cut  as  pulpwood,  and  vice  versa  if  most 
of  the  trees  were  over  10  inches.  By  using  a  chart  similar  to  figure  2, 
this  diameter  breaking-point  may  be  determined  directly  for  International 
l/^~inch  scale. 


There  is  a  more  limited  market  for  poles  and  piling  or  veneer  stock, 
and  if  the  seller  feels  that  some  of  his  trees  may  qualify,  he  should 
contact  buyers,  learn  their  specifications,  and  then  look  over  his  timher 
again.  If  there  is  a  sufficient  number  of  trees  that  meet  the  specifica- 
tions, it  will  nearly  always  be  most  profitable  to  sell  these  trees  in 
such  markets. 

In  any  sale,  regardless  of  product  being  sold,  there  are  factors  other 
than  price  which  should  be  taken  into  consideration.  The  opportunity  to 
sell  readily  in  the  several  markets  may  be  lacking.  The  integrity  of  the 
buyer  or  operator,  the  confidence  the  seller  has  that  the  operator  will 
cut  only  marked  trees  with  little  damage  to  the  remaining  trees,  and  the 
method  and  promptness  of  payment,  are  all  points  which  may  favor  one 
buyer  in  spite  of  a  small  difference  in  stumpage  price. 

Application  of  Ratios  Outside  the  Southern  Piedmont 

The  data  apply  particularly  to  the  shortleaf-loblolly  pine  stands  of 
the  southern  Piedmont,  but  may  be  applied  in  other  areas  where  tree  taper, 
top  d.iob,  (diameter  inside  bark),  utilization,  and  log  and  bolt  lengths 
cut  are  similar.  Anyone  using  these  data  should  satisfy  himself  that  the 
general  run  of  trees  in  his  area  have  ratios  of  cords/MBF  similar  to 
those  shown  in  table  3<-     If  utilizable  voliomes  by  d„b,h.  classes  for  pulp- 
wood  and  saw  timber  can  be  determined  with  reasonable  accuracy  and  are 
found  to  differ  from  those  given,  a  new  set  of  ratios  based  on  local  data 
can  be  prepared  quite  easily.  One  may  then  use  the  chart  in  figure  1  to 
determine  comparative  stumpage  prices  for  pulpwood  and  saw  timber  in  his 
locality.  If  the  local  ratios  cannot  be  determined,  or  if  only  rough 
approximations  can  be  made,  then  the  comparative  stumpage  prices  based 
on  the  ratios  in  table  3  should  not  be  used  indiscriminately,  but  be  con- 
sidered only  as  rough  guides. 
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FOREWORD 


This  publication  was  prepared  -n  cooperation  with  the 
Committee  on  Southern  Forest  Tree  Improvement.   It  is  the  purpose 
of  this  committee  to:  (l)  advise  and  assist  those  interested  in  the 
improvement  of  southern  forest  trees  in  arranging  and  conducting 
research  and  development  programs;  (2)  provide  a  clearing  house  for 
information  on  forest  tree  improvement;  (3)  provide  for  or  assist 
m  coordination  in  the  conduct  of  a  South-wide  program  of  tree 
improvement  research  and  development;  and  (h)    foster  and  encourage 
the  advancement  of  knowledge  of  southern  tree  genetics.   The  present 
publication  lists,  characterizes,  and  locates  work  now  in  progress 
in  the  South;  it  was  compiled  from  information  given  by  organiza- 
tions working  in  the  field. 


Subcommittee  on  Tree  Selection  and  Breeding 

D.  A.  Anderson--Texas  Forest  Service 

Woolford  B.  Baker — -Emory  University 

Spencer  Chase--Tennessee  Valley  Authority 

C.  C.  Doak- -Agricultural  and  Mechanical  College  of 

Texas 
Ellwood  S.  Harrar-~Duke  University 
Paul  H.  Harvey--North  Carolina  State  College 
C.  M.  Kaufman — University  of  Florida 
Scott  S.  Pauley--Maria  Moors  Cabot  Foundation  for 

Botanical  Research 
Maxon  Y»  Pillow--Forest  Products  Laboratory 
F.  I.  Righter-'California  Forest  and  Range  Experiment 

Station 
Ernst  J.  Schreiner--Northeastern  Forest  Experiment 

Station 
Brataslav  Zak--Bureau  of  Plant  Industry,  Soils  and 

Agricultural  Engineering 
Bruce  Zobel-  Texas  Forest  Service 

Keith  W.  Dorman--Southeastern  Forest  Experiment  Station 
(chairman) 
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Previous  publications  and  reports  prepared  In  cooperation 
with  the  Coramittee  on  Southern  Forest  Tree  Improvement  are: 

1.  Report  of  the  first  southern  conference  on  forest 
tree  improvement.   Atlanta,  Ga. ,  January  9-10,  1951- 
Mimeographed.  U.  S.  Forest  Service,  Atlanta,  Ga. 

2.  Proposal  for  a  cooperative  study  of  geographic 
sources  of  southern  pine  seed.   Subcommittee  on 
Geographic  Source  of  Seed,  Philip  C.  Wakeley, 
Chairman.   Mimeographed.   Southern  Forest  Ex- 
periment Station_,  New  Orleans,  La.   Oct.  25,  1951' 

3.  Standardized  working  plan  for  local  tests  of  seed 
source.   Subcommittee  on  Geographic  Source  of 
Seed,  Philip  C.  Wakeley,  Chairman.   Mimeographed. 
Southern  Forest  Experiment  Station,  New  Orleans,  La. 
Oct.  25,  1951. 

k.      Hereditary  variation  as  the  basis  for  selecting 

superior  forest  trees.   Keith  W.  Dorman,  Chairman, 
Subcommittee  on  Tree  Selection  and  Breeding. 
Southeastern  Forest  Experiment  Station,  Station 
Paper  No.  I5.   March  1952. 
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DIRECTORY  OF  FOREST  GENETICS  ACTIVITIES  :i\i  THE  SOUTH 


by 

Keith  W.  Dorman— 
Forester,  Southeastern  Forest  Experiment  Station 
Asheville,  N.  C. 


To  many  people,  forest  genet:. cs  means  controlled  breeding. 
This  is  only  one  phase  of  the  work.   There  must  be  a  program  of  plant 
introduction  to  test  foreign  species  for  adaptability  to  local  con- 
ditions.  Also,  races,  strains  and  varieties  of  each  local  species 
must  be  studied  before  the  best  breeding  material  is  found.   There 
are  problems  in  techniques  to  be  solved  such  as  those  in  testing  pro- 
geny of  selected  trees  or  the  hybrids.   Also,  methods  of  propagating 
by  vegetative  means  are  needed  for  trees  used  as  breeding  stock  or 
those  of  superior  varieties.   These  are  but  a  few  of  the  phases  of 
forest  genetics  work,  but  they  and  many  others  are  necessary  before 
attaining  the  ob jective~-better  forest  trees. 

Formal  research  in  forest  genetics  is  relatively  new  in  the 
South.   Some  studies  have  been  made  of  racial  variation  in  important 
species,  and  foreign  species  have  been  introduced  on  a  small  scale. 
Also,  some  of  the  hybrids  produced  by  the  Institute  of  Forest 
Genetics  are  being  tested.   However,  selection  and  controlled  breed- 
ing have  been  started  only  recently.   The  lists  of  studies  on  the 
following  pages  are  impressive,  and  indicate  wide  and  active  interest 
in  the  improvement  of  forest  trees.   But  much  additional  research 
will  have  to  be  undertaken  if  we  are  to  make  the  most  of  the  existing 
opportunities  for  genetic  improvement  of  southern  forest  trees. 


1/  Chairman,  Subcommittee  on  Tree  Selection  and  Hybridization 
of  the  Committee  on  So  .thern  Forest  Tree  Imx^rovement., 


PLMT-INTRODUCTION  STATIONS,  ARBORETUMS,  AND  BOTANICAL  GARDENS 


Collection  of  tree  species,  varieties,  and  forms  in  as  wide  a  field 
as  possible  is  one  of  t:  e  first  steps  In  the  developmenr,  of  better  forest 
trees.   This  is  the  raw  material  with  which  the  tree  breeder  works  to  create 
new  types  or  from  which  he  select:  those  . etter  suited  :or  particular  pur- 
poses.  Arbore' urns  and  botanical  gardens  are  th :  storeh^.uses  for  breeding 
material  and  they  are  of  great  importance  to  the  geneticist   Plant  mtro- 
djxetlon  vorkexs  stock  the  storehouses  and  prov'de  a  source  of  raw  m-terial 
that  is  greatly  b-yond  the  mean-  of  th-  avera.  e  tree  reeder,   Arboretums 
and  botanical  gardens  in  the  So  th  are  neither  well  developed  nor  well  dis- 
tributed geographically  to  meet  the  needs  of  a  broad  +ree  improvement 
program.   Addit'.cnal  stations  are  needed  in  the  great  timber  producing  re- 
gions of  the  coastal  plaJLn  and  uplaiid  areas  from  the  Carolinas  to  Louisiana. 
The  fol_owing  ;List  gives  arboretums.  botanical  gardens,  and  plant  intro- 
duction stations  nov  established  l:.  the  South- 

Coker  Arboretum,  Chapel  Hill,  N.  C. 

Blandy  Experimental  Farm  Arboretum,  Boyce,  Va. 
Established  192J       100  acres 
Chief  function,   expe.imen  1  and  research,  e'uca-ional  laboratory  for 

graduate  stud  nts. 
Featuring:   evergreens  woody  trees,  and  shrubs,  conifers  m  general, 
Pmus,  Berber  s.  Phlox,  Buddleia,  and  Quercus. 

Fairchild  Tropical  Garden,  Coconut  Grove,  Fla. 
Established  1938-   83  cres , 
Chief  function!   to  gr  w  all  'he  plant  material  both  native  and  exotic, 

which  will  thrive  in  this  area. 
Featuring:   palms  and  other  tropical  trees,  vines  and  shrubs  adaptable 
to  south  Florida. 

Mclllhenny  Arboretum,  A  ery  Island,  La. 
Established  19OO   3OO  acres 
Chief  functions  park  and  btrd  sanctuary. 
Featuring;   evergreens,,  woody  trees,  and  shrubs. 

Tennessee  Valley  Author 'ty,  Nortls,  Tenn. 
Established  I936.   100  acres 
Chief  function ■   research. 

Texas  Forest  Service,  College  Station,  Texas 
Established  1952,   50  acr  s 
Chi'f  function,   research 
Featuring:  Mexican  and  ^southwestern  pines 0 

U.  S.  Dept,  of  Agricuxture  Plant  Introduction  Garden,  Cl^apman  Field,  Perrinp,  I 
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U.  S.  Dept,  of  Agrlcultur  Plant  introduction  Station,  Griffin,  Ga. 

University  of  Florida  Subtropical  Experiment  Station,  Homestead,  Fla 
Established  I93O,   17O  acres. 
Chief  funct  .on:  research. 


2/ 
PLANTINGS  OF  INTRODUCED  SPECIES  OF  FOREST  TREES-' 


The  plant  b-eeder  must  m  most  1  tances  select  breeding  stock  from 
among  a  large  number  of  spec°es.   He  needs  accurate  data  for  tree  growth 
under  different  climatic  and  soil  co' ditf.on."  ,  information  on  resistance  or 
susceptibility  to  fungi  and  insects  common  to  the  area,  and  information  on 
tree  quality  for  lumber  or  other  products.  Another  important  consideration 
is  that  species  or  races  and  varieties  of  spec  es  with  wide  geographical 
distribution  may  be  well  suited  for  plant  ng  in  certain  areas  and  perform 
better  than  local  spec^e^  „   Only  by  test  p^^antings  can  the  good  prospects 
be  so/ted  out  f--.  l  the  poor  ones.   Planning  o"  foreign  species  has  been 
undertaken  on  a  small  scale  in  the  Appalachians  mountains >  southern  Florida, 
and  Texas,  but  little  has  been  done  in  the  Coastal  Flain,  Piedmont,  Ozark 
mountains,  and  o+her  area^  of  the  South. 

Bent  Creek  Experimental  Forest,  Asheville,  N.  C. 
Thuja  occidentalis .   New  York.   I926 
A^er  sac char um   New  York.   I926 

Pm^s  resmos  :. .   Ve-mont^  Michigan,  Minnesota.   1926 
P.  monticol.'.   1927 
P  contort a.   I927 
P.  densiflora.   Japan,   1928 
P.  nigra  var«  poiretiana.   Indiana,   I928 
P.  sylvestris -   Belgium.   I926 
P.  koraiensis .   Korea.   1929 
P  radiata.   France.   1929 
P.  sabiniana   California.   ±930 
P.  rigi:a  vir.  serotma.   North  Carolina.   1920 
P,  attenuata»   California.   1930 
P.  pungens ,   N' rth  Carolina   1930 
P.  contorta  var  murrayana.   California.   1930 
P.  taeda.  "North  Carolina.   1930 
P.  caribaea„  •  Louisiana.   1927 


2/  The  tree  names  are  listed  as  reported  by  various  agencies  and  may 
not  follow  the  same  system  of  nomenclature.   However,  the  spelling  has  been 
changed  jin  some  in  tances  to  conform  with  that  given  in  Standardized  Plant 
Names,  2nd  edition. 
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Pinus  palustrls.   North  Carolina,   1929 
Libocedrus  decurrens.  Washington-   192? 
Picea  sitchensis.   192? 
P,  glauca»  1927 

Abies  concolor.  California.   1930»   Colorado. 
Chamaecyparis  thyoides.   Virginia.   192? 
Chamaecyparis  laws oni ana.   California.   1930 
Larix  leptolepis.   Japan.   I928 

1930 

1929 
1929 


1926 


L.  occidentalis, 

Cornus  mas.  France. 

Co  sanguinea,  France. 

Ginkgo  biloba.  Washington,  D.  C.   1929 

Albizzia  julibrissin.   1929 

1929 

1929 


Gleditsia  triacanthos, 


Pseudotsuga  taxifolia. 

~~        1929 

1929 


Cercis  canadensis, 


Castanea  moLlissima. 

C.  crenata.   I929 

Ca  sanguinni.   1929 

C.  dentata.   I929 

Cupressus  mac  nab  i  ana,,  California,   1930 

Fraxinus  oregona^  Oregon.   1930 

Me t as e quo la  glyptostroboides .   China.   1950 

Coker  Arboretum,  University  of  North  Carolina,  Chapel  Hill,  N.  C, 


Acer  palmatum 

Aesculus  hippocastanum 

Allan thus  altlssima 

Albizzia  julibrissin 

A.  lebbek  (-  A.  kaTkora) 

Aralia  chinensis 

Broussonetia  papyrifera 

Cephalotaxus  drupacea 

Clerodendron  trichotomum 

Cryptomerla  japonica 

Cunnlnghamia  sinensis 

Fontanesia  fortunei 

Ginkgo  biloba 

Juglans  sieboldiana 

Juniperus  communis  var.  hibernica 

Koelreuterla  panlculata 

Lagerstroemia  indica 

Libocedrus  decurrens 


Magnolia  denudata 
Mo  soulangeana 
Osmanthus  aquifolium 
Oo  f ragrans 
Paulovnia  tomentosa 
Picea  orientalis 
Pinus  australis 
Pistacia  chinensis 
Podo carpus  macrophyllus 
Prunus  sieboldi 
Quercus  glauca 
Sterculia  platanifolia 
Styrax  japonica 
Tnuja  orientalis 
Tllla  europaea 
Zizyphus  jujuba 
-Z,  jujuba  var.  lang. 
Cercis  chinensis 


Florida  Board  of  Forestry^  Tallahassee,  Fla. 

Many  tropical  hardwood  and  softwood  species  planted  at  Highland 
Hammock  State  Park,  Sebring,  Fla. 


Forestry  Department,  Alatiama  Polytechnic  Institute,  Auburn, 
Cupressus  arizonlca.   19^9 


Ala. 


Georgia  Agricultural  Experiment  Station,  Experiment,  Ga. 
Plnus  pseudosbrobus.   1950 
P.  douglaslana 
P.  cembroides 

P  strobus  var.  chiapensis 
P.  ayacahulte 
P.  nelsoni 
P.  oocarpa 

P.  ayacahulte  var^  brachyptera.   19^9 
P.  micheasana  var  cornuta 
P.  hartwegi 
P.  engelmanni 
Taxodlum  mucronatum 

Ida  Cas^n  Callaway  Foundation,  Hamilton,  Ga. 
Abies  religiosa,  Mexico.   1951 
Pinus  ayacahulte.   Mexico.   1951 
P.  pinaster.   Portugal.   1951 
£•  s"trobuso   North  Carolina.   195I 
P.  hartwegi .   Mexico.   1951 
Po  cembroides o   Mexico.   1951 
P.  strobus  var.  chiapensis   Mexico.   1951 
P,  lambertiana.   Arnold  Arboretum.   1951 
P.  pseudostrobus.   Mexico.   1951 
P.  bungeana   Arnold  Arboretum.   1951 
P.  nelsoni .   Mexico.   i951 
Crataegus  mexicana.  Mexico.   1951 
Taxodlum  mucronatum.   Mexico.   1951 
Cupressus  (standleyij.   Mexico.   1951 
Platanus  mexicanao   Mexico.   1951 
Chilopsis  linearis.   Arizona.   1951 
Codrus  libani.   Arnold  Arboretum.   ±951 
Widdringtonia  dracomontana.   South  Africa.   1951 
W.  cuppressoides.   South  Africa.   1951 
Wo  schwarzi.   South  Africa.   1951 

North  Carolina  Dept.  of  ConserT^ation  and  Development,  Division  of  Forestry, 
Raleigh,  N.  C. 

Pinus  pinaster o   Fort  Macon,  N.  C.   1929 

P.  pinaster.  Nags  Head,  N.  C   19^8 

Asiatic  chestnut,  Nanking  strain.   Holmes  Nursery,  Penrose,  N.C   19^5 

Oklahoma  Agricultural  Experiment  Station  and  Oklahoma  State  Division  of 
Forestry,  Oklahoma  City,  Okla. 

Pinus  thunbergi.   Central  and  western  Oklahoma.   19^0  to  1950 


Po  densif lora. 

P.  massoniana 

Russian  mulberry.   Woodward,  Okla. 

Chinese  elm 

Parvifolia  elm  "  " 

(many  others) 
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Pisgah  National  Forest^  Ashevilie^  N.  C. 
Plcea  abies.   1925 
P„  glauca.   192i^- 
P.  engeJjnanni.   1926 
P.  sltchensis .  Washington.   1931 
Pinus  densiflora.   192^4- 


contorta. 
thunbergi 
resinosa» 


1926 
1923 
^_____^_       Minnesota-   I926 
P.  sylvestris.  Belgium.   I926 
P.  monticola.   Idaho.   1923 
Thuja  Occident alls.   Ontario,  Canada.   1926 
Pseudotsuga  taxlfolia,   Montana.   1923 
Larix  leptolepls.   J^apan.   192 i^- 
L.  decidua.   I92U 
Abies  concolor.   192? 

Thuja  pllcata.  British  Columbia.   1930 
Abies  alba.   192^4- 


South  Carolina  National  Forest^  Columbia,  S.  C 
Sequoia,  sp.  Enoree  Ranger  District.  I9OO 
Cryptomeria,  sp.  Enoree  Ranger  District. 


Tennessee  Valley  Authority,  Norris,  Tenn. 


Carya  spp. 
Castanea  mollissima 
C.  crenata 
C.  henryi 
Diospyros  kaki 
Morus  spp. 
Juglans  nigra 
J.  regia 
J.  sieboldlana 
J.  cincerea 
"(juglans  hybrids) 


Populus  alba 

P.  tremuloides 

TPopulus  hybrids) 

Quercus  acutissima 

Q.  leicophylla 

Robinia  pseudoacacia  ( straight - 

stem  selections) 


Texas  Forest  Service,  C 
Pinus  pumila 
P,  griffithi 
P.  chihuahuanaT 
P.  douglasiana 
P.  pinea 
P.  cembroides 
P  ayacahuite  var. 
P.  leucodermis 
P.  pseudostrobus 
P.  bungeana 
P.  patula 
P.  nelsoni 
P.  hartvegi 
P.  formosana 


strobus  var.  chiapensis 


parviflora 

michoacana  var.  cornutu 

yunnanensis 

tabulaeformis 

frplfordiana  x  P.  parviflora 
P.  thtlnb^rgi 

P,  flexllis~var.  ref lexa 
p.  pinaster 

p.  nigra  var.  cebennensis 
p.  armapdi 


!l 


Pinus  halepensis 


P. 
p. 

engelmanni 
gerardiana 

p. 

massoniana 

p. 

arizonica 

p. 

coulter! 

p. 

Jeffrey! 

p. 
p. 

excelsa 
contorta 

p. 

attenuata 

p. 

!nsularis 

p. 

ponderosa 

Pinus  hunnewell!  (P.  strobus  x  P.  parvif lora) 

P  ayacahu!te  var.  brachyptera 

P.  modoomata  (P.  dens !f lora  x  P.  thunbergi) 

P.  pseudostrobus  var.  estevez! 

P.  coult  _r!  X  P.  Jeffrey!  (natural  hybrid) 

P.  rigid  X  P.  taeda 

P.    atten  rradlata   (P.    attenuata  x  P.    radlata) 

P.    reslnosa 

P,  longlfolla 

Eucalyptus  spp. 

Acacia  spp. 


West  Virginia  Pulp  and  Paper  Co.^  Westvaco  Expt.  Forest,  Georgetown,  SX 
Arau  aria  angustifolla 
Lupressus  arizonica 


nus  rad'ata. 

—  ~^^ 


1951 
attenuata. 


P.  radiat 

Me  asequoia  glyptostroboides 

Populus  hybrids 

S  q  oia  sp» 


Hybrid.   California 
China.   1950 


STUDIES  OF  RACIAL  VARIATION 


I^"  has  been  established  that  races  varying  in  vigor^  disease  re- 
sistance, and  cold  resistance  occur  in  some  species  of  southern  pines. 
This  poses  a  problem  to  those  responsible  for  collecting  the  seed  from 
wh: ch  2  0  llllon  or  more  seedlings  are  grown  each  year.   Where  shall  seed 
be  collected?   If  there  is  a  short  seed  crop  in  one  State,  can  supplementary 
seed  be  obtained  from  others?   To  provide  answers  to  these  questions  for 
immediate  use,  and  also  to  provide  data  for  future  selective  breeding  work 
is  the  purpose  of  current  studies  of  the  variation  within  species  of 
southern  pines  and  hardwoods. 

College  of  Agriculture,  Univ.  of  Arkansas,  Fayett-eville,  Ark.: 

Pinus  taeda,  P.  echinata^  and  Juniper us  virginlana  from  h   locations 
withm  the  State.   Established  1952. 

Committee  on  Southern  Forest  Tree  Improvement,  Subcommittee  on  Geographic 
Source  of  Seed: 

Arr  nged  with  25  agencies,  in  fall  of  1951,  the  collection  of  Pinus 
palustr: s  from  11  sour  es  m  8  states;  P.  caribaea  from  6  sources  in  5  states; 
P.  taeda  from  I5  sources  in  10  states;  and  P.  echinata  from  15  sources  in  12 
states.   Outplanting  at  approximately  60  locations  in  16  states  is  planned  for 
1952-1953» 
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Division  of  Forest  Pathology,  Bureau  of  Plant  Industry,  Soils,  and  Agri- 
cultural Engineering,  U.S.D.A.: 

Pinus  echinata  from  all  Southern  states  throughout  range.  To  he 

planted  in  1952.   (Athens  j,  Ga. ) 

Pinus  caribaea  from  North  Florida_,  South  Florida^,  and  Mississippi. 

Planted  in  19^9^   (Harrison  Expt.  Forest,  Saucier,  Miss.) 

Pinus  taeda,  6  sources,  North  Carolina  to  Louisiana.   Planted  in  1951- 

(W.  W.  Ashe  Nursery,  Brooklyn,  Miss.) 

Pinus  caribaea,  6  sources,  South  Carolina  to  Louisiana.   Planted  in  19^8. 

P.  caribaea,  South  Florida,  North  Florida,  Mississippi,  and  Cuba, 

Planted  in  19^9 •   ( C hi ckasawhay  Ranger  District,  Miss.  Nat'l  Forest; 

State  College,  Miss.;  and  Santee  Expt.  Forest,  Charleston,  S.  C.) 

Forestry  Department,  Alabama  Polytechnic  Institute,  Auburn,  Ala.: 
Adaptation  of  Florida  slash  pine.   Established  in  1935- 

Northeastern  Forest  Experiment  Station,  Upper  Darby,  Pa. : 

Fraxinus  americana  and  F,  pennsylvanica  of  southern  and  northern  sources. 
Planted  m  .i9^0 .   (Harvard  Forest,  Petersham,  Mass.)   New  racial  plant- 
ings made  in  1951  and  1952  at  Williamstown,  Mass.,  and  Beltsville,  Md. 
Acer  rubrum  of  different  geographic  sources. 

Pennsylvania  Department  of  Forests  and  Waters,  Harrisburg,  Pa.: 

Pinus  echinata,  Tennessee,  Arkansas,  Texas,  Louisiana,  Mississippi,  and 
South  Carolina,   Planted  in  1935- 

1 

Southeastern  Forest  Experiment  Station,  Asheville,  N.  C: 

Pinus  taeda,  9  sources.   Planted  in  1950-   (Calhoun  Expt.  Forest,  Union, 

S.  C,  in  cooperation  with  TVA) 

Pinus  taeda  and  P.  echinata,  5  sources  of  each.   Planted  in  19^5-   (Lee 

Experimental  Forest,  Buckingham,  Va/j 

Pinus  resinosa  from  Vermont,  Michigan,  and  Minnesota.   Planted  in  I926. 

(Bent  Creek  Expt,  Forest,  Asheville,  N,  C.) 

Pinus  glabra,  Mississippi  and  local  source.   Planted  in  1952.   (Santee 

Experimental  Forest,  Charleston,  S,  C.) 

Southern  Forest  Experiment  Station,  New  Orleans,  La,: 

Pinus  taeda  from  Georgia,  Arkansas,  Texas,  and  Louisiana,   Planted  in 

i92T-   (Bogalusa,  La.) 

Pinus  taeda,  12  sources;  P,  caribaea,  7  sources;  P.  echinata,  ik   sources. 

Planted  in  1937 »   (Jasper,  Texas,  and  Athens,  Ga.J 

Pinus  palustris  seed  from  good  and  poor  sites  collected  in  19^7  and  19^8; 

stock  of  all  four  sources  outplanted  on  both  National  Forests  in  19^8-49 

and  1914-9-50.   (Talladega  Nat'l  Forest,  Ala,,  and  DeSoto  Nat'l  Forest, 

Miss. ) 

Pinus  taeda  from  9  sources.   1950,   In  cooperation  with  TVA.   (Birmingham,! 

Ala.,  Harrison,  Ark.,  and  Oxford,  Miss.)  j 

Tennessee  Valley  Authority,  Norrls,  Tenn. :  I 

Castanea,  timber  type  species  planted;  selected  and  hybrid  blight  resistax' 

strains.   Established  1946-1951.   (U.S.D-A,  in  cooperation  with  TVA,  Norri; 

Tenn.,  and  at  10  other  locations,) 

Juglans  nigra,  10  sources  based  on  kernel  content.   Established  19^0.     j 

(Norris,  Tenn,)  o  j 
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Junlperus  virglniana,  12  seed  sources;  established  1950.   (planted 

at  3  locations  in  Tenn.) 

Rhammus  purshiana,  1  source;  established  19i4-8.   (Norris,  Tenn.) 

Robinia  pseudoacacla,  3  sources;  established  1938-39.   (Planted  at 

170  locations  in  Tennessee  Valley.) 

Pinus,  many  geographic  sources.   Proposed  planting  locations:  (CulLman 

Co.,  Ala.,  and  Morgan  Co.,  Tenn.   Southern  Forest  Experiment  Station  in 

cooperation  with  TVA. ) 

Texas  Forest  Service,  College  Station.  Texas: 

Pinus  taeda  from  10  sources  within  the  State  and  2  from  Louisiana  were 
planted  in  Post  Oak  region  in  1952. 

University  of  Virginia,  Blandy  Experimental  Farm^  Boyce,  Va. : 

Fraxinus  and  Acer  of  several  races.   Also,  Quercus  species  and  known 
and  putative  hybrids. 


PROJECTS  IN  SELECTION  AND  HYBRIDIZATION 


Selection  of  genetically  superior  individual  trees  or  superior  races 
within  a  species  permits  use  of  the  best  combination  of  traits  that  occur  in 
nature.   Controlled  breeding  of  selected  individuals  combines  traits  in  still 
better  combinations --combinations  that  would  perhaps  never  occur  under  natural 
conditions.  This  permits  further  selection  and  breeding.   Also,  crosses  of 
certain  species  may  have  hybrid  vigor,  with  growth  superior  to  both  parents. 
Selective  breed  ing  or  aimed  breeding  should  create  trees  of  higher  value  for 
all-around  forest  planting,  or  trees  of  greater  utility  for  certain  products. 
These  benefits  may  be  achieved  through  greater  vigor,  improved  tree  form, 
better  wood,  reduced  loss  from  climatic  factors,  and  smaller  losses  from 
diseases  or  insects.  To  obtain  these  benefits  i  the  objective  of  tree  breed- 
ers in  the  South.  Most  of  the  projects  are  using  the  direct  approach  by 
applying  principles  used  successfully  with  other  crop  plants.   There  is  great 
need  for  studies  to  develop  principles  based  on  the  fundamental  life  processes 
of  local  species  of  pines  and  hardwoods. 

Ida  Cason  Callaway  Foundation,  Hamilton,  Ga. : 

Pinus  carlbaea,  P.  palustris,  P.  echinata,  and  P.  taeda  -  Large-scale  se- 
lection of  superior  phenotypes  and  one-parent  progeny  tests  with  h   major 
species  of  pine.   Limited  intra-  and  interspecific  h;ybridization  of  se- 
lected trees.   Observation  block  of  P.  echinata  x  P.  taeda  hybrid  estab- 
lished in  the  spring  of  1951* 

Division  of  Forest  Pathology,  Bureau  of  Plant  Industry,  Soils  and  Agricultural 
Engineering,  U.S.D.A.: 

A  project  has  been  started  in  selection  and  propagation  of  Pinus  echinata 

resistant  to  littleleaf  disease.   (Athens,  Ga. ) 

-9  - 


Selection,  hybridization,  and  vegetative  propagation  of  Albizzia 
jullbrissens  resistent  to  mimosa  wilt.   (Asheville,  N-  cT) 
Pinus  caribaea  from  Cuba,  British  Honduras^  South  Florida,  and  other 
points  within  the  natural  range  are  tested  for  racial  variation  in  re- 
sistance to  fusiform  rust.   (Harrison  Expt.  Forest,  Saucier,  Miss.) 
Open  pollinated  seed  was  collected  from  disease-free  Pinus  caribaea  as 
well  as  fran  diseased  parents  in  areas  of  high  rust  incidence  to  test 
for  disease  resistance  in  one-parent  progeny.   Seedlings  were  planted 
in  19^6  and  19^7»  A  similar  test  with  both  P.  caribaea  and  P.  taeda 
seed  from  Mississippi  and  Georgia  was  established  in  19^7-   Tw.  W. 
Ashe  Nursery,  Brooklyn,  Miss..^ 

Selection  of  disease-free  Pinus  palustris  from  unsprayed  nxxcserj   beds 
will  be  made  in  fall  of  1951  in  a  test  for  resistance  to  brown  spot 
needle  blight.   (W.  W.  Ashe  Nursery,  Brooklyn,  Miss.) 

Forestry  Department,  Ala.  Polytechnic  Institute,  Auburn,  Ala.; 

Test  of  several  Pinus  taeda  x  P.  echinata  crosses  of  different  geogra- 
phic sources  in  comparison  with  parent  species.   Seed  was  supplied  by 
the  Institute  of  Forest  Genetics. 

Georgia  Experiment  Station,  Experiment^  Ga, : 

One-parent  progeny  tests  of  selected  southern  pines  and  hybridization  of 
superior  trees. 

Mississippi  Agricultural  Experiment  Station,  College  Station,  Miss.: 

Pinus  taeda  x  P.  echinata  backcrossed  to  each  of  parent  species  to  compare 
survival,  growth  rate,  and  form  of  hybrid  with  each  species. 

Northeastern  Forest  Experiment  Station,  Upper  Darby,  Pa.: 

Many  interspecific  hybridizations  within  recent  years  in  Fraxinus ,  Acer,  I: 
rlodendron,  and  Quercus.  Aiso,  in  Pinus,  in  the  series  Strobi,  Larl- 
clones,  and  Insignes. 

Pmus  rigida  x  P.  taeda  and  P.  echinata  x  P.  rigida  hybrids  were  planted 
at  the  Eastern  Shore  Expt.  Forest  in  Maryland  and  at  the  Lebanon  State 
Forest  in  New  Jersey  in  19^5^  being  grown  from  seed  produced  at  the  In- 
stitute of  Forest  Genetics, 

Southeastern  Forest  Experiment  Station,  Asheville,  N.  C: 

Selection^  intra-  and  inter-specif ic  hybridization,  and  propagation  of 
Pinus  caribaea  and  P.  paxustris  selected  on  the  basis  of  superior  oleo- 
resin  production.  Two  plantations  have  been  established  (1946  and  1950) 
of  species  hybrids^  and  intra-crosses  among  high,  average,  and  low, 
gum-yielding  P.  caribaea.   (Olustee  Expt.  Forest,  Lake  City,  Fla. ) 
A  plantation  of  Pinus  echinata  x  P.  taeda  hybrid  'and  seed  of  same  species 
from  various  sources  was  established  in  1951.   Seed  of  hybrid  stock  was 
provided  by  the  Institute  of  Forest  Genetics.   (Hitchiti  Expt.  Forest, 
Macon,  Ga. ) 

A  test  plantation  with  Pinus  montlcola  x  P,  strobus  a»d  P-  rigida  x  P. 
taeda  was  established  in  1951.   Seed  was  provided  by  the  Institute  of 
Forest  Genetics.   (Bent  Creek  Expt.  Forest,  Asheville,  N.  C.) 
Seedlings  of  Pinus  rigida  x  P»  taeda  hybrid  and  P.  taeda  from  several 
sources  were  planted  in  19^5.   (Lee  Expt.  Forest!  Buckingj:iam,  Va. ) 
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Southern  Forest  Experiment  Station,  New  Orleans,  La.: 

Planting  of  a  hybrid  from  controlled  pollination  in  1929  of  Pinus  palus- 
tris  X  P.  caribaea  and  a  cross  in  1931  ot   P.  sondereggeri  x  P.  palustris. 
Single  tree  of  each  cross.   (Bogalusa  La.J 

Limited  nter  pecific  hybridization  of  southern  pines  in  1951  and  1952. 
(Alexandria,  La. ,  Bramch  Station") 

Outplantings  of  hybrids  m  19^8-^+9  of  Pinus  taeda  x  P.  echinata  crosses 
and  back-crosses.   Seed  was  from  the  Inscitute  of  Forest  Genetics. 
(*Branch  StS.tit)n  at  Birmingham,  Ala. ,  the  Ozark  at  Harrison,  Ark. ,  and 
Tallahatchie  a*"  Oxford,  Miss.) 

Limited  interspecific  hybridization  of  southern  pines  in  1951-   (Gulf- 
coast  branch  Station  ,  Gulf  port,  Miss.) 

Outplanting  in  1952  of  progenies  from  wind  pollination  of  7  individuals 
°-^  Pl^^s  sondereggeri  and  of  one  presumed  natural  P.  palustrix  x  P. 
caribaea  cross .   (Many ,  La.   In  cooperation  with  A.  J.  Hodges  Industries, 
Inc.,  and  Agricultural  Experiment  Station  and  School  of  Forestry,  Louisi- 
ana State  University.) 

Tennessee  Valley  Authority,  Norris ,  Te'nn. : 

Castanea  mollissima^  Carya  illinoensis,  Gary a  ovata,  and  Gary a  hybrids, 
Gorylus  americana,  Corylus  avellana,  and  Corylus  hybrids  -  Objective: 
To  test  the  performance  of  superior  selections  in  the  Tennessee  Valley. 
Test  plantings  have  been  established  at  numerous  locations  to  compare 
variety  performance  under  varying  conditions.   Project  in  cooperation 
with  Alabama,  Georgia^  Kentucky,  Tennessee  and  Virginia  Agricultural  Ex- 
periment Stations. 

Pinus  taeda,  P.  echinata,  P  strobus  -  Selection  of  genetically  superior 
seedlings  found  in  TVA  forest  tree  nurseries.   Growth  of  these  "super- 
seedlings  '  compared  with  average  seedlings. 

Acer,  Betula^y  Juglans ,  Liriodendron  species  -  Methods  of  inducing  figured 
woodo  Seedlings  of  these  four  species  were  given  several  abnormal  treat- 
ments as  a  means  of  inducing  formation  of  figured  wood. 

Texas  Forest  Service,  College  Station^  Texas: 

Pinus  taeda_,  P.  palustris,  P.  echinata,  P.  c^ibaea  -  Selection  of 
superior  pheno types  on  the  basis  of  the  best  silvical  and  wood  characters 
possible  with  special  emphasis  on  those  characters  known,  or  strongly  sus- 
pected of  beings  strictly  controlled  genetically.   Tests  with  open  polli- 
nated progeny  of  selected  trees  and  later  with  vegetatively  propagated 
material.  Hybridization  of  selected  trees  and  tests  of  n&i   equipment  for 
controlled  breeding. 


University  of  Arkansas  Experiment  Station,  Hope,  Ark, 
Pinus  t? 
parents, 


,  Pinus  taeda,  P.  echinata  -  Gomparison  of  progeny  froiri  superior  and  average 


West  Virginia  Pulp  and  Paper  Co.,  Westvaco  Expt.  Forest,  Georgetown,  S.C.: 

Pinus  taeda  ->  Trees  on  two  5-acre  seed  orchards  were  selected  as  mother 
trees  to  provide  seed  for  local  planting.  Forty-four  trees  10-20  years 
have  been  selected  and  treatments  to  stimulate  seed  production  have  been 
applied.   One -parent  progeny  tests  have  been  initiated. 
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STUDIES  IN  VEGETATIVE  PROPAGATION 


Vegetative  propagation  as  opposed  to  sexual  propagation  permits 
endless  multiplication  of  superior  plants  with  identical  genetiq  consti- 
tution., Foresters  may  wish  to  propagate  certain  valuable  trees,  ^ust  as 
horticulturists  do  with  fruit  and  nut  trees.   For  immediate  use  tree 
breeders  would  like  to  establish  plantations  of  grafted  stock  or  rooted 
cuttings  to  be  used  in  controlled  breeding  and,  in  some  instances^  to 
produce  seed  of  superior  strains  in  volume.   Although  some  species  have 
been  propagated  successfully  by  graftage  or  cuttage,  refinement  of  tech- 
niques is  needed  to  increase  the  percentage  of  success  and  to  make  the 
field  work  easier.  Cuttings  of  chestnut,  for  instance,  have  never  been 
successfully  rooted.   Thousands  of  slash  pine  cuttings  were  treated 
before  the  first  one  was  successfully  rooted  a  few  years  ago. 

Division  of  Forest  Pathology,,  Bureau  of  Plant  Industry,  Soils  and  Agricul- 
tural Engineering,  U.S.D.A.: 

Plnus  echinata,  methods  of  grafting,   (Athens,  Ga. ) 

Albizzia  julibrissens ,  methods  of  vegetative  propagation.   (Asheville,N.C. 

Forestry  Department,  Alabama  Polytechnic  Institute,  Auburn,  Ala,: 
Cupressus  arizonica,  grafting  and  rooting  of  cuttings. 

Southeastern  Forest  Experiment  Station^,  Asheville,  N.  C: 

Liquidambar  styraciflua,  rooting  of  cuttings.   (Charleston,  S.  C) 
Pinus  caribaea  and  P.  palustris,  grafting.   (Lake  City,  Fla. ] 

Tennessee  Valley  Authority,  Norris,  Tenn. : 

Acer,  Betula,  Carya,  Castanea,  Corylus^  Diospyros ,  Gleditsla,  Lirlodendror 


Morus,  Robinia^  PopuluS;,  budding,  grafting,  root  and  stem  cuttings. 

Texas  Forest  Service,  College  Station,  Texas: 

Grafting  many  introduced  species  and  hybrids  on  local  species  stock. 

West  Virginia  Pulp  and  Paper  Co.,  Westvaco  Expt,  Forest,  Georgetown,  S.  C.i 
Mestasequoia  glyplostroboides,  rooting  of  cyttings. 


i 


STUDIES  IN  CYTOLOGY  MD  METHODS  OF  INDUCING  MUTATIONS 


A  knowledge  of  chromosome  number  in  all  important  tree  species  and 
varieties  is  essential  to  the  plant  breeder.   Also,  he  should  have  accurate 
data  for  chromosome  pairing  if  hybrids  are  to  be  accurately  evaluated,  because 
incomplete  pairing  may  cause  sterility,   Cytological  work  is  essential  in  the 
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study  of  mutations  whether  they  occur  naturally  or  are  artificially  induced. 
Changes  in  the  chromosomes  through  mutation  may  produce  radically  different 
plants  that  are  essentially  new  specie  ,   Some  commercially  important  fruit 
trees  such  as  certain  grapefruit  varieties  are  mutants.  The  characteristics 
of  mutant  f  rest  ti'ees,  especially  southern  species,  are  practically  unknown, 
although  selection  of  these  unusua  trees  may  be  quite  profitable. 

Georgia  Experiment  Station,  Experiment,  Ga. : 

Pinus  taeda  ~  Cooperative  tests  with  Harvard  University  of  characteristics 
of  irradiated  seed. 

Northeastern  Forest  Experiment  Station,  Upper  Darby,  Pa. : 

Fraxmus  americana  -  Observation  plots  of  natural  occurring  polyploids 
obtal-ned  m  studies  of  racial  variation. 

Southeaster  Forest  Experiment  Station,  Asheviile^  N.  C; 

Pinus  taeda,  Po  clausa,  P.  ecninata,  Liquidambar  styracfula  -  Coopera- 
tive tests  with  Harvard  University  of  characteristics  of  irradiated  seed 

University  of  Virginia,  Blandy  Expt.  Farm,  Boyce,  Va. : 
Chromosome  number  and  phylogeny  in  conifers. 


STUDIES  IN  STIMULATING  SEED  PRODUCTION 


Selectively  breeding  several  generations  of  forest  trees  requires  a 
long  time  unless  tney  reach  sexual  maturity  at  a  very  early  age.   Theref6re, 
any  techniques  to  bring  about  flowering  in  very  young  trees  is  of  great 
practical  use  to  the  tree  breeder.   And,  it  is  important  that  a  large  number 
of  flowers  be  produced.   Techniques  for  stimulating  Droduction  of  seed  would 
have  widespread  application  in  seed-orchard  management.   Grafting  twigs  of 
mature  trees  onto  seedlings  or  grafting  twigs  of  juvenile  hybrids  to  branches 
of  mature  trees  has  increased  seed  production  m  certain  pine  species.   Also, 
root  pruning  of  seedlings,  strangulation,  partial  girdling,  and  the  applica- 
tion of  plant  nutrients  have  been  successful.   Similar  or  improved  techniques 
are  needed  for  soutnern  forest  tree  species. 

Division  of  Forestry,  North  Carrlina  Department  of  Conservation  and  Develop- 
ment, Raleigh,  N.  C.J 

Pinus  taeda  -  Improvement  cuts  in  50-year-old  stand  to  stimulate  seed 

production. 

Southeastern  Forest  Experiment  Station,  Asheville^;  N.  C^ 

Pinus  taeda  -  Studies  in  effect  of  release  from  the  side;  two  levels  of 
fertilization,  and  partial  girdling  on  volume  and  quality  of  seed. 
Franklin,  Va. 
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Southern  Forest  Experiment  Station,  New  Orleans,  La.; 

Plnus  palustris,  tests  to  Increase  seed  productipn.   Brewton,  Ala., 

Br^.nch  Station. 

Pinus  taeda,  tests  of  thinning,  strangulation^  and  ringing  to  increase 

seed  production.   Crossett,  Ark.,  Branch  Station. 

Plnus  palustris,  tests  of  fertilizing  and  of  baiding  branches  to  in- 

crease  seed  production.   Gulf coast  Bran  h  Stat  on  Gulf port,  Miss. 

West  Virginia  Pulp  and  Paper  Co  ,  Westvaco  Experimental  Forest,  George- 
town ,  S .  C. : 

Pinus  taeda,  release  and  isolation  of  1  to  20-  ear-old  trees.   Tests 
-  of  topping  and  banding  to  stimulate  seed  production. 


ORGANIZATIONS  CONDUCTING  WORK  IN  TREE  IMPROVEMENT 


The  opportunity  for  increasing  yields  of  forest  products  through 
use  of  more  vigorous  species  and  improved  strains,  races,  or  hybrids  of 
local  species  in  planting  programs  has  already  stimulated  considerable 
inteiest  in  forest  genetics  on  the  part  of  industr"es  and  public  agencies. 
And  it  IS  only  beginning   There  is  also  a  growing  appreciation  of  the  need 
for  ma  ntainmg  good  genetic  quality  in  natural  stands  through  the  use  of 
sound  timber-cutting  practices.  Studies  in  forest  genetics  will  influence 
and  be  influenced  by  studies  of  forest  soils,  silviculture,  forest  manage- 
ment and  utilization.   As  the  following  list  indicates,  work  on  the  genetic 
improvement  of  southern  forest  trees  is  now  under  way  by  private  industries, 
a  private  foundation,  state  forest  services,  forestry  schools,  agricultural 
experiment  stations,  regional  forest  experiment  stations,  and  several  other 
federal  agencies.  The  projects  are  designed  to  mee  the  needs  of  these 
widely  varied  interests. 

A.  J.  Hodges  Industries,  Inc . ^  Snreveport,  La„ : 

1.   Has  entered  in  o  formal  con  ract  with  Agricultural  Experiment  Sta- 
tion and  School  of  Forestry,  Louisiana  State  University^  to  conduct 
research  in  fores  genetics  on  fenced  tract  of  cut-over  longleaf 
pine  land  at  Many,  La.;  is   eserving  100  acres  on  tract  for  Southern 
Forest  Experiment  Station's  breeding  stock  and  progeny  tests. 

Arkansas  Resources  and  Development  C  mmission.  Division  of  Forestry  and  Parks, 
Little  Rock,  Arkansas,  and  Univ.  of  Arkansas,  Fayett  ville^  Ark. 

1.  Studies  of  racial  variation  in  Pinus  taeda,  P.  hinata,  and  Juniper us 

Virginia. 

2.  Comparison  in  growth  of  trees  from  Pj^nus  taeda  and  P.  echinata  seed 
collected  from  p]us  trees  and  from  average  trees. 
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Drpartmen'  of  ''orestry^  Oklahoma  Agri   itural  Expt.  Sta,^  and  O'.lahoma  Stat- 
DivisiO"  of  Forestry,  Oklahoma  City,  Okla.: 

1.   Adaptation  tests  cf  Pmus  thunberg,. ^  P,  densiflora,  Fo  massoniana^ 
and  many  other  species . 

Division  of  Forest  Patho..og\' .  Bu^-eau  of  Plant  Industry^  Soilr-  and  Agricultural 
Engineering,  U.S.D.A.  :, 

1,  Studies  of  racia^.  variation  in  P i nus  echinata  in  resistance  to  iittl- 
leaf  disease,  and  selectj've  bre'ding  of  P.  ecAnata  f:.r  resistance  to 
littleleaf  disease,.   A"-ens^  Ga, 

2,  Studies  of  racial  variati-n  m  Pmus  caribaea  m  res~-STance  to  fusifcnn 
rust  and  in  P^  palustris  to  brown  spot  disease o  Sajci-r,  Miss, 

3«   Selection,  vegetative  propa^-at '.on  and  control  breeding  with  mia-.osa  for 

increasing;   esistarce  to  mimosa  wilt,   Asheville,  N.  C. 
i+,   Studie:::  of  raci,_  Arariation  m  Pmus  taeda,.   Brooklyn,  Miss. 

Florida.  Forest  Service,  T-.llahassee^  Fla^  ° 

1,   Adaptation  tests  of  many  tropical  tree  species  for  planting  in  South 
Florida. 

Forestry  Department,  Alab;ima  Polytechnic  Institute^  Auburn,  Ala.: 

1.   Test  of  Pmus  caribaea  fro"  -""lorida  for  plan'^mg  m  local  area.   Also^ 

Po  echinata  and  J- ,  taeda  f.om  other  states  o 
?o   Tests  of  Pmus  -cl  in  at  a  x  P,  taeda  hybrid  with  parent  species  m  '"oop- 

eration  with  In;--t:.tute  of  Fore.:  Genetics,. 
3o   Techniques  for  vet'etative  propagation  of  Arizona  cypress. 
h       Cooperation  with  '..ther  agenc.'es  w::.shing  to  have  c  .stom-grown  nursery 

stock  produced  from  their  own  seed  for  plan'-mg  o'-  their  ^reas. 

Ida  Cason  Callaway  Foundations  Hamilton,  Ga.j 

1.  Selection  and  one-parent  progeny  tests  of  Pinus  caribaea,  P.  palustris ^ 
P.  taeda,  and  P.   chinata,, 

2.  Inter-  and  intra-specif ic  crosse.:  of  selected  trees  of  h   major  species 
of  southern  pmeo 

3.  Selection  of  race-  of  k   majcr  southern  pines  bes'  suited  to  west -central 
Georgia,. 

h.      Tests  of  introduced  species. 

Institute  of  Forest  Genetics,  Placerv  lie,  Calif.; 

1.  Controlled  breeding  cf  major  southern  pine.:. 

2.  Development  of  equipment  and  techniques  for  controlled  breeding. 

3.  Studies  m  inheritance  of  characters  in  certain  pines  and  other  studies 
in  field  of  for:;st  genet: cs. 

North  Carolina  Department  of  Conservation  and  Development,  Division  of  Forestry, 
Raleigh,  N.  C: 

1..   Test  of  Pinus  pinaster  for  ocean  beach  planting. 

2.   Production  of  seed  in  a  natural  50-year-old  P.  taeda  stand  developed 
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as  a  seed  orchard  by  selecting  and  releasing  the  better  trees » 
3a   Tests  of  methods  and  equipment  for  collecting  cones  and  seed  from 

-tanding  trees. 
ko      Plus-tree  selection  by  employees  preparatory  to  conducting  progeny 

tests o 

NortheastemForest  Experiment  Station,  Upper  Darby,  Pa.oi 

1^      Studies  of  racial  variation  in  Fraxinus  amer ' cana,  Fo  pennsylvani ca, 
and  Acer  rubrum. 

2,  Selection  and  controlled  breeding  of  Frax" nus,  Acer,  Liriodendron, 
Pinus^  and  Quercus  o 

3.  Testing  of  Pmus  rigida  x  P.  taeda  and  P.  echinata  x  P.  riglda 
hybrids  in  cooperation  with  Institute  of  Forest  Genetics. 

^4-=,   Development:  of  equipment  and  techniques  for  controlled  breeding, 

Queensland  Forest  Service,  Brisbane^  Australia:  i 

1,  Studies  of  progeny  after  wind  pollination  of  superior  Pmus  caribaea 
and  Po  taeda  phenotypes. 

2,  Selection  and  controlled  breeding  for  vigor  and  improved  wood  quality 
m  Pmus  caribaea,  P.  taeda,  and  other  species .  , 

3,  Vegetative  iropaga^ion  of  Pmus  caribaea  and  P.  taeda.  i 

School  of  Forestry^  Uriiversity  of  Florida,  Gainesville,  Florida" 

1.  Examination  of  plantations  o*-  known  seeci  source  for  information  on 

racial  strains  of  slash  and  iongleaf  pinso 
2„   Investigation  on  vegetative  propagation. 
3o  Establishment  of  ec  'type  plantations  of  longleaf  and  slash  pine  for 

proJ)agating  and  breedihg  material 
k.     Establishment  of  seed  source  plantations  to  demonstrate  variations  due 

to  gpograprjic  origin, 
5o  Br-eding  slash  and  longleaf  pine  for  vigor  and  form. 

Southeastern  Forest  Experiment  Station,  Asheville,  N.  C.: 

1.      Studies  C'f  racial  variation  i-  Pirus  taeda,  P.  echinata,  and  adapta- 
bility test  of  P„  rigida  x  P.  taeda  hybrid.  Buckingham,  Va. 

2o  Adaptability  tests  of  many  coniferous  species;  also,  Pinus  monticola 
X  Po  s*robus  -ybrid  and  P.  rigida  x  P.  taeda  hybrid. 

3c,   Limited  study  f  '^acial  variation  in  Pinus  taeda  and  P.  echinata  and 
adaptabi  li-^-y  o7^  P.  <-.  chinata  x  P„  taeda  hybrid.  Macon^  Ga. 

k.     Vegetative  propagati'^n  and  selective  breeding  of  Pinus  caribaea  and 
P,  paljotris  to  improve  produ  tion  of  oleoresin  and  timber  products. 
Lake  Ci'y^  FL-i. 

Southern  Forest  Experiment  Station,  New  Orleans,  La.: 

1.  Studies  cf  racial  variation  in  P.  taeda o   Bogalusa,  La, 

2.  Studies  cf  racial  variation  in  vigor  and  resistance  to  disease  in  P. 
caribaea,  P.  taeda,  P,  echinata,  and  P.  palustris.   Cooperative  studies 
located  at  Athens,  Ga, ,  Andulusia,  Ala.,  and  Lufk  n,  Texas. 

3.  Limited  individual  tree  sele':"tion  and  controlled  poll  nation  of  Pmus 
caribaea.  P.  taeda,  P.  palustris,  P.  echinata,  at  Alexandria^  La., 
same  les  '  P.  echi  ata  at  Gulfport,  Miss.,  and  Bogalusa,  La. 
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k.  Organizational  responsibility  for  the  19" 1  South-wide  study  of 
racial  variation  in  k  major  species  of  southern  pine,  in  coop- 
eration with  the  Committee  on  South-rn  Forest  Tree  Improvement, 

Tennessee  Valley  Authority,  Norris,  Tenn^: 

1.  Adaptation  test  plantings  of  Castanea,  Carya,  and  Corylus  species 
under  varying  conditions <> 

2.  Nursery  selection  of  Pmus  taeda,  P,  echmata,  and  P„  strobus 
seedlings, 

3.  Studies  in  methods  of  inducing  figured  wood  in  Acer,  Betula, 
Juglans,  and  Liriodendron  species o 

k.      Vegetative  propagation  of  numerous  hardwood  genera, 

5,  Studies  of  racial  variation  in  Pmus  taeda,  Juglans  nigra,  Juniperus 
Virginia,  Rhammus  purshiana,  and  Robinia  p^eudoa^aciao 

6.  Plantings  of  foreign  tree  species  to  test  adaptarility  or  to  serve 
as  a  source  of  pollen  or  seed, 

Texas  Forest  Service,  College  Station,  Texas: 

1.  Studied  of  racial  variation  m  local  Pinus  taeda, 

2.  Selection  and  hybridization  of  selected  Pinus  tae la,  P,  palustris, 
P,  echinata,  and  P,  caribaeao 

3o   Tests  of  nursery  bed  selection  of  Pinus  taeda,  P„  caribaea,  and  P, 

echinata. 
k.      Adaptation  planting  of  many  foreign  species  and  hybrids. 
5.   Vegetative  propagation  of  forest  oreeSo 
6o   Pheno logical  observations  of  four  major  southern  pines. 

University  of  Virginia,  Blandy  Experimental  Farm,  Boyce  Va, ; 

1,  Studies  of  chromosome  number  and  phylogeny  in  the  conifers. 

2,  Studies  of  natural  hybridity  m  the  oaks, 

3,  Studies  of  racial  variation  in  ash  and  maple. 

West  Virginia  Pulp  and  Paper  Company^  Georgetown,  S,  C: 
1.   Seed  orchard  in  natural  stand  of  Pmus  taeda » 
2»   One-parent  progeny  tests  with  P,  taeda^ 
3o   Stimulation  of  seed  production  in  P,  taeda, 
h.      Tests  of  a  few  introduced  species. 
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RE  -ESTABLISHING  P'iNE  ON  PIEDMONT  CUT -OVER  LAKD 
by  Eu  Vo  Brender  and  T.  C.  Nelson 


The  common  practice  of  clear  ':'utting  merchantable -size  pine  stands 
frequently  results  in  scrub  hardwoods  instead  of  a  new  crop  of  pines o   The 
understory  hardwoods,  ever  present  in  the  merchantable  pine  stands  of  the 
Piedmont,  soon  close  the  canopy  and  exclude  the  successful  establishment 
of  pines.   If  a  source  of  seed  Is  available  immediately  after  clear  cutting, 
a  new  stand  of  pines  may  become  established.   However,  it  is  estimated  that 
at  least  I5  percent  of  the  pine  uplands  in  the  southern  Piedmont  have  re- 
verted to  brush  and  low  value  hardwoods.   And  this  trend  will  increase  as 
long  as  no  provisions  are  made  to  restock  the  land  with  pine.   Natural  re- 
seeding  to  pine  can  no  longer  be  obtained  on  about  two  million  acres,  since 
a  source  of  seed  Is  not  available  or  the  understory  hardwoods  have  obtained 
such  a  strong  foothold  as  to  preclude  pine  seedlings  from  becoming  es- 
tablished.  Planting  will  have  to  be  resorted  to  if  we  want  to  grow  pine 
on  these  acres.   Even  so,  establishment  of  planted  pines  in  recently  cut- 
over  woods,  in  competition  with  understory  hardwoods,  will  never  be  as 
successful  as  old  field  planting.   Some  form  of  pretreating  the  planting 
site  may  be  necessary  to  establish  a  satisfactory  n^omber  of  pines. 

This  paper  deals  with  a  study—  which  had  two  major  purposes: 
(1)  to  determine  the  effectiveness  of  certain  preplanting  treatments  in 
permitting  pines  to  come  through  hardwood  competition,  and  (2)  to  compare 
survival  and  growth  rate  of  planted  loblolly  and  slash  pine  under  the 
various  treatments  tested. 


DESCRIPTION  OF  THE  STUDY  AREA 

The  study  was  carried  out  on  the  Casulon  Plantation,  near  Bishop, 
Georgia,   The  area  initially  supported  a  stand  of  90-year-old  shortleaf 
pine,  with  understory  hardwoods  consisting  chiefly  of  oaks,  hickories, 
gums,  and  shrubby  species  such  as  dogwood,  plum.,  haw  and  sumac.   The 
understory  hardwoods  were  small^  mostly  in  the  one-inch  diameter  class. 
On  the  average  they  gave  direct  overhead  shade  to  over  I7  percent  of  the 
area. 


1/  The  study  was  conducted  in  cooperation  with  the  George  Foster  Peabody 
School  of  Forestry,  University  of  Georgia,  Athens = 
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Figvtre  1. --Merchantable  stand  of  shortleaf  pine 
with  vinderstory  hardwoods. 


Figure  2. — Pine  overstory  clear  cut.  Hardwoods 

dominate  the  area. 
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TREATMENTS 

All  of  the  merchantable  pine  was  cut,  leaving  the  understory  hard- 
woods and  a  few  scattered  pine  saplings.  Immediately  after  removal  of  the 
pine  overstory  the  area  was  treated  and  planted  as  follows : 

Treatment  A--control;  Seedlings  planted  at  6  x  6 -foot  spacing^  without 
prior  treatment  of  hardwoods  ^ 

Treatment  B- -partial  brush  cutting  and  burning;  All  hardwoods  2  inches 
d.b.h.  and  larger  were  cut_,  the  brush  was  piled^  and  the  area  was  broad- 
cast burned  and  planted  at  6  x  6 -foot  spacing. 

Treatment  C- -complete  brush  cutting:  All  hardwoods  were  cut,  the  brush  left 
as  it  fell_p  and  the  area  planted  at  6  x  6-foot  spacing. 

Treatment  D- -complete  brush  cutting  and  grubbing:  All  hardwoods  were  cut 
and  major  roots  and  root  collars  grubbed  out  before  planting  at  6  x  6 -foot 
spacing. 

Treatment  E-°planted  openings  in  the  brush  cover:  Seedlings  were  planted 
in  groups  of  three  to  six  per  opening,^  so  that  the  same  number  of  seedlings 
were  planted  as  in  6  x  6 -foot  spacing. 

The  treatments  were  replicated  in  four  randomized  blocks,  with  10 
plots  per  block_,  each  plot  O.I5  acre  in  size.   One  plot  m  each  treatment 
was  planted  to  loblolly  pine  and  tne  other  to  slash  pine.   The  planted 
pine  seedlings  were  remeasured  at  the  end  of  the  first,  second,  third,  and 
fifth  growing  seasons.   The  seedling  height  was  measured  in  tenths  of  feet; 
the  position  of  seedlings  .whether  free  growing,  partially  overtopped  or 
completely  overtopped)  and  the  oc^.urrence  of  fusiform  rust  and  glaze  damage 
were  recorded. 


RESULTS  AT  THE  END  OF  THE  FIFTH  YEAR 

The  results  at  the  end  of  the  fifth  year  are  summarized  in  tables  1 
and  2.   Number  of  trees  have  been  converted  to  an  acre  basis  to  permit  a 
more  realistic  comparison  of  degree  of  stocking. 

Survival 

Analysis  shows  that  loblolly  pine  had  a  much  higher  survival  rate 
under  all  conditions  tested  than  slash  pine,   (This  is  also  borne  out  by 
an  old  field  planting  on  the  Casulon  Plantation  with  leftovers  of  the  same 
planting  stocky  where  loblolly  had  a  survival  of  86  percent  as  against  68 
percent  for  slash  pineo) 
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Table  1. --Survival  and  height  growth  of  planted  loblolly  pines,  by  treatments 


Treatment  :  Trees 
: planted 


All  positions 
Tree  survival 


Seedlings  free  to  grow 
; Average:   Free 


height : seedlings : 


Survivors 


Average 
height 


Number   Number  Per'^ent   Feet 


Number 


Percent 


Feet 


free 

1/ 

A 

1111+ 

701 

62,9 

7-01 

526 

75 

7-57 

B 

lLk3 

840 

73»5 

8,01 

IhQ 

89 

8-35 

C 

1128 

70k 

62.1+ 

7-60 

605 

86 

7-9i+ 

D 

1158 

816 

70»5 

7-99 

792 

97 

8.06 

E 

1136 

720 

63oi+ 

7-36 

5U0 

75 

7-88 

TETT 


"B5" 


■5700" 


All  treatments  combined 


735 


1/ 
A. 
B. 
C. 
D, 
E. 


Control 

Partial  brush  cutting  and  burning 

Complete  brush  cutting 

Complete  brush  cutting  and  grubbing 

Planted  openings  in  brush  cover 


Tabxe  2.-=Survival  and  height  growth  of  planted  slash  pines  by  treatments 


atment 

All  pc 

sltlons 

: 

Seedlln 

gs  free  to 

grow 

Tre 

:  Trees 

' 

: Average: 

Free   : 

: Average 

Tree 

surv: 

.val 

Survivors 

: planted 

:  height: 

seedlings: 

:  height 

Number 

N'umber 

Percent 

Feet 

Number 

Percent 
free 

Feet 

A 

1202 

516 

k2 

9 

5 

.61 

356 

69 

6.10 

B 

1136 

605 

53 

>3 

5. 

96 

429 

71 

6.44 

C 

1158 

428 

37  < 

,0 

6 

.11 

291 

68 

6.66 

D 

1158 

623 

53 

>8 

6 

.59 

561 

90 

6,81 

E 

1136 

588 

51< 

,8 

5. 

U6 

388 

66 

6.04 

All 

treatm 

ents  comb 

ined 

^7 

7 

5^ 

86 

73 

6.35 

^k~ 


Comparison  of  the  results  of  the  preplanting  treatments  showed 
that  treatments  B  (pajrtial  brush  cutting  and  burning)  and  D  (complete 
brush  cutting  and  grubbing)  resulted  in  significantly  higher  survival 
than  other  treatments  or  the  control. 

The  results  are  somewhat  obscured  since  the  source  of  seed  of 
the  planting  stock  of  both  species  is  unknown.  However _p  the  relatively 
greater  survival  and  greater  juvenile  height  growth  of  loblolly  pine 
over  slash  pine  is  in  agreement  with  the  findings  of  other  investigators, 

A  study  made  in  the  Alabama  Piedmont  (l)  shows  that  loblolly 
grows  faster  than  slash  pine  up  to  an  age  of  nine  to  ten  years o  After 
that  slash  pine  grows  slightly  faster  than  loblolly  pine.   The  average 
survival  for  loblolly  in  the  Alabama  study  was  83.2  percent^  while  for 
slash  it  was  52.9  percent. 

Another  study  made  in  Tennessee  .2)  quotes  survival  of  loblolly 
80  perf^ent  and  slash  pine  as  ^7  percent o 


pine  as  80  per^" 


In  Central  Louisiana  (3.)  it  was  found  that  loblolly  survived 
better  than  slash  pine.   At  10  years  of  age^  planted  lobiolly  exceeded 
slash  pine  in  height  by  3  feet  on  unburned  areas,,  while  on  burned  areas 
slash  pine  was  i  foot  taller  than  loblolly  pine. 

At  Watklnsville,  Georgia  {k)    survival  of  6 -year-old  loblolly 
pine  was  88  per^ent^  while  that  of  slash  pine  was  61  percent.   The  re- 
spective heights  were  I3  feet  and  10  feeto 

Seedlings  Free  to  Grow 

Without  cleaning^  as  indicated  in  table  1  by  the  number  of  free 
seedlings  after  5  years  of  growth^  loblolly  pine  planted  in  openings 
or  without  area  preparation  could  not  meet  a  standard  of  6OO  free -growing 
seedlings  per  acre.   Some  brush  or  ground  treatment  is  necessary^  and 
the  number  of  free  seedlings  appears  to  increase  with  intensity  of  treat- 
ment. Brush  cutting  alone  is  satisfactory,  but  25  to  30  percent  more 
free  seedlings  may  be  obtained  with  the  additional  treatment  in  burning 
or  grubbing.   Cleaning  would  assure  well  over  6OO  free  seedlings  per 
acre  in  any  treatment  class. 

By  the  same  standard^  satisfactory  stocking  of  slash  pine  cannot 
be  expected  without  cleaning^  although  brush  cutting  followed  by  grubbing 
approaches  it.   The  statistical  difference  between  loblolly  and  slash 
pine  in  number  of  free  seedlings  per  acre  is  highly  significant. 


Figure  3. --Loblolly  pine  seedling  outgrowing 
hardwoods  on  check  plot. 


Figure  ^4-. --Slash  pine  seedling  free  to  grow. 


-6- 


Height  Growth 

Loblolly  showed  superior  height  growth  over  slash  pine^   Statis- 
tically, the  difference  is  highly  significants   The  average  height  of 
the  loblolly  seedlings  at  the  end  of  the  fifth  growing  season  was  7»65 
feet,  while  slash  pine  was  oniy  5-86  feet  in  height.  The  free  seedlings 
averaged  8.00  feet_^  and  6.35  feet  respectively.   There  is  also  a  trend 
indicating  that  for  both  species  the  preplanting  treatments  stimulated 
height  growth.  The  greater  height  of  loblolly  pine  accounts  in  part  for 
a  greater  percentage  of  free  seedlings  among  survivors. 


FUSIFORM  RUST  AND  GLAZE  DAMAGE 

The  study  was  not  designed  specifically  to  furnish  information 
on  damage  from  fusiform  rust  and  glaze,  but  observations  on  these  two 
items  were  collected  and  the  results  are  given  here. 

Twenty-one  percent  of  the  slash  pine  had  branch  or  stem  cankers 
of  fusiform  rust  as  compared  with  ik   percent  on  loblolly  pine.   As  for 
wind  and  glaze  damage,  3  percent  of  the  surviving  slash  pines  were  loose 
at  the  root-collar.   Such  seedlings  are  reclining  at  a  small  angle  with 
the  ground  and  have  no  chance  of  recovering.   Less  than  1  percent  of 
the  loblolly  seedlings  are  in  a  leaning  position.  Their  root-collars 
are  firm,  and  most  of  them  will  straighten  out. 


SUMMARY  AND  CONCLUSIONS 

Clear-cut  upland  pine  stands  which  contain  a  relatively  light 
understory  of  hardwoods  can  be  successfully  planted  in  the  lower  Pied- 
mont to  either  loblolly  or  slash  pine,  provided  the  planting  is  done 
immediately  after  the  clear  cutting.   In  this  study  area,  the  amount  of 
ground  shaded  by  understory  hardwoods  increased  from  17  percent  to  3^ 
percent  during  the  first  two  growing  seasons  following  the  harvest 
cutting  of  the  pine.  Early  release  cuttings  after  planting  are  essential 
if  adequate  standards  of  survival  and  growth  are  expected. 

Loblolly  pine,  under  lower  Piedmont  conditions,  survives  better 
and  displays  greater  juvenile  height  growth  than  slash  pine.   This  con- 
clusion cannot  be  accepted  at  Its  full  value  from  this  study  alone, 
since  the  seed  source  of  the  planting  stock  of  both  species  is  unknown. 
However,  other  studies  in  the  Piedmont  confirm  the  superiority  of  lob- 
lolly pine. 


Certain  preplantlng  treatments  proved  to  be  helpful  in  establish- 
ing a  greater  number  of  seedlings,  of  either  species,  free  from  overhead 
shade.   The  most  successful  treatment  was  cutting  and  grubbing,  which  pro- 
vided nearly  800  free  loblolly  seedlings  per  acre,  and  56O  free  slash  pine 
seedlings  per  acre,.   Cutting  all  hardwoods  2  inches  and  larger,  followed 
by  broadcast  burning,  provided  about  750  free  loblolly  seedlings  per  acre, 
and  ^30  free  slash  pine  seedlings  per  acre^   The  cutting  of  the  brush 
alone  was  no  better  than  no  treatments 

It  must  be  remembered  that  the  preplanting  treatments  were  applied 
on  small  plots  with  hand  tools.   In  actual  practice  the  cutting  and  grub- 
bing treatment  could  be  done  with  a  Harden  brush  cutter  or  a  similar  ma- 
chine.  The  cutting  and  burning  treatment  when  carried  out  on  a  larger 
scale  would  also  create  a  hotter  burn.   ;^n  either  case,  the  expected  re- 
sults should  be  equally  as  good  as  those  obtained  on  the  small  plots,  or 
better.   There  are  other  modifications  which  would  be  applied  under  actual 
practice.   For  instance,  hardwoods  above  h   inches  d.b.h.  would  more  than 
likely  be  poisoned  with  ammate  or  2,i+,5-T.   This  would  reduce  competing 
sprouts  which  crowded  out  some  planted  pine  seedlings  in  the  test  plots. 
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About  one-third  of  the  forest  in  the  lower  Pled 
mont  consists  of  relatively  young  pine  stands 
which  sprang  up  in  cotton  fields  that  were  aban 
doned  because  of  the  boll  weevil. 


GUIDE  TO  THE  HITCHITI  FOREST  RESEARCH  CENTER 

by 

Ernst  V.  Brender 


The  Hitchiti  Forest  Research  Center  iias   established  In  19^6  by 
the  Forest  Service,  USDA,  to  find  ways  and  means  of  producing  more  wood 
in  the  depleted  forests  of  lower  Piedmont  Georgia,  Alabama,  and  South 
Carolina.   Sixty  percent  of  the  I8-I/2  million-acre  territory  is  in  for- 
est. The  forest  consists  principally  of  even-aged  stands  of  loblolly 
pine  on  the  uplands  and  a  mixture  of  oaks,  hickories,  ye How -poplar,  and 
other  hardwoods  on  the  moist  sites. 

An  estimated  ^0,000  people  are  directly  engaged  in  harvesting  and 
processing  the  forest  products  from  this  area,  and  11  percent  of  the 
total  income  is  obtained  from  timber  products.   The  secondary  business 
and  industry  derived  from  forest  enterprise  (such  as  truck  and  rail 
transportation,  making  paper  and  plywood  and  hickory  tool-handles,  sell- 
ing axes  and  tractors)  raises  the  total  considerably.   But  a  much  great- 
er increase  in  business  and  revenue  could  come  from  doubling  the  annual 
production  of  the  forests --an  entirely  feasible  and  practical  possibi- 
lity. The  question  is,  how  can  it  be  done  most  quickly  and  most  cheaply. 

The  forest  research  center  exists  to  work  on  the  answers  to  such 
questions.   It  combines  biology,  economics,  soil  science,  industrial 
harvesting  techniques,  and  many  other  specialties.  Most  of  the  staff 
are  trained  foresters.   The  main  office  is  in  Macon,  and  the  greater 
share  of  the  experimental  work  is  being  done  on  the  4, 735 -acre  Hitchiti 
Experimental  Forest  I8  miles  out  of  Macon. 

Originally,  the  Piedmont  was  a  fertile  land  of  fine  oak-hickory 
forest.  Natural  springs  were  numerous;  branches,  creeks,  and  streams 
flowed  clear  and  cool.   Intermixed  with  the  oak -hickories  were  beech, 
maple,  chestnut  and  short leaf  pine.   The  forest  had  reached  a  climax; 
many  individual  trees  were  2  to  3  feet  in  diameter  and  120  feet  in 
height.   In  the  understory  were  dogwood,  azalea,  huckleberry,  and  chin- 
quapin (no  imported  Japanese  honeysuckle  as  yet).   Starting  about  1773) 
waves  of  settlers  rapidly  advanced  from  the  east  coast.  Within  a  50- 
year  period,  the  Piedmont  was  converted  from  a  primeval  forest  to  a 
farming  country.   Since  those  days,  87  percent  of  the  land  has  been 
cleared  or  cultivated  one  or  more  times.   The  original  topsoil,  which 
was  from  7  to  15  inches  deep,  has  entirely  disappeared  from  many  acres. 
Row  cropping,  particularly  for  cotton,  caused  serious  erosion  even  in 
the  early  days.   An  erodable  topsoil  and  even  more  erodable  subsoil, 
gully-washing  rains  of  extreme  intensity,  continual  freezing  and  thawing 
action  in  winter,  hot  summers  bringing  high  soil  temperatures  and  rapid 
oxidation  of  humus --all  these  meant  that  the  delicately  balanced  land 
lost  its  fertility  when  it  was  without  plant  cover.  A  serious  agricul- 
tural slump  occurred  in  the  late  l880's.  With  the  arrival  of  the  boll 


weevil  in  1920,  land  abandonment  took  place  at  an  unheard-of  rate. 
Pines  seeded  in  naturally  on  old  fields,  and  it  was  thus  that  some  of 
our  present-day  forests  got  their  start.   Land  abandonment  has  con- 
tinued off  and  on  ever  since,  until  approximately  10  million  acres  of 
this  territory  are  in  forest  again.   Deep  in  the  tracts  of  young  pines 
one  comes  across  massive,  wide-armed  oaks  shading  the  ruined  chimney 
that  marks  an  old  "home  place."  Mile  after  mile  of  former  farmland,  in 
unbroken  10-,  20-,  and  30-mile  stretches  has  gone  back  to  woods.   It  is 
because  of  this  forest  that  the  future  of  the  area  is  so  closely  tied  to 
forest  production  and  forest  management. 
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Figure  l.--The  experimental  forest  is  l8  miles  from  Macon. 


THE  FOREST  IN  THE  RESEARCH  CENTER  TERRITORY 


Some  of  the  better  forests  of  the  region  are  usually  found  in 
relatively  large  tracts  of  5,000  acres  and  more.   However,  65  percent 
of  the  forest  land  is  in  farm  ownership  of  numerous  small  tracts. 
These  woods  are  often  severely  depleted.   In  consequence,  the  average 
growing  stock  of  the  forests  in  this  area  in  19^6  was  only  1,800  board 
feet  per  acre,  of  which  pine  made  up  7O  percent  and  the  hardwoods  30 
percent  in  volume.   During  the  decade  from  193^  to  19^6,  the  pine  saw- 
timber  volume  decreased  35  percent.   It  has  been  estimated  that  follow- 
ing present  logging  practices,  one  acre  out  of  two  reverts  to  low-value 
hardwoods.   Fortunately,  the  area  still  has  a  large  area  of  so-called 
boll  weevil  timber,  which  for  the  time  being  forms  a  backlog  of  forest 
capital.   Headway  is  being  made  in  establishing  extensive  forest  plan- 
tations which  promise  to  be  of  importance  to  the  future  timber  supply. 
The  big  challenge  is  to  learn  to  restore  the  productivity  of  the  large 
acreage  of  depleted  woods,  and  to  properly  manage  the  smaller  acreage 
of  desirable  woods. 


FOREST  MANAGEMENT  OPPORTUNITIES 


The  scientific  management  of  the  resource  which  contributes  so 
much  to  the  economy  of  this  area  has  been  very  much  neglected.   It  has 
frequently  been  pointed  out  that  only  about  one-third  as  much  usable 
wood  is  being  grown  in  this  area  as  the  land  is  capable  of  producing. 
Instead  of  growing  5OO  board  feet  per  acre  annually,  we  are  only  grow- 
ing about  150  board  feet;  instead  of  growing  one  cord  per  acre,  we  are 
only  getting  one -third  cord  per  acre. 

This  low  growth  rate  is,  in  part,  the  result  of  liquidating  cut- 
ting practices.   It  is  also  due  to  lack  of  appreciation  of  what  the 
timber-growing  possibilities  are  in  this  territory.   Some  of  it  must 
also  be  attributed  to  invasion  of  our  forests  by  weed  species,  such  as 
low-value  hardwoods,  shrubs,  and  vines.   Still  other  losses  are  due  to 
natural  enemies  of  the  forest,  such  as  insects  and  diseases.   And  fin- 
ally, wildfires  destroy  millions  of  seedlings,  thousands  of  saplings, 
poles,  and  sometimes  saw-timber  trees. 

We  want  to  find  what  method  of  harvesting  timber  is  best  suited 
for  perpetuating  pine.   Under  which  method  will  the  most  volume  be 
grown,  the  greatest  net-returned  be  reaped?  What  is  the  optimum  spac- 
ing for  pine  trees  throughout  the  life  of  the  stand--for  growing  pulp- 
wood--for  growing  saw  timber?  What  measures  are  necessary  to  control 
weed  species?   Can  we  stimulate  seed  production,  and  can  we  create  a 
receptive  seedbed  for  germinating  pine?  How  can  these  measures  be 
applied  economically?  Which  management  practices  are  best  for  farm 
woodland  owners?  Can  we  select  superior  strains  of  pine,  can  we  develop 
superior  hybrids?   These  and  many  more  problems  need  to  be  solved. 


THE  RESEARCH  PROGRAM 

Management  of  Loblolly  Pine 

Comparison  of  management  systems  on  40-acre  compartments 

Survey  study  of  reproduction  (growth,  damage,  mortality) 
in  shelterwood  stands 

Survival,  growth  and  development  of  residual  saplings  on 
areas  clear  cut  and  planted 

Stand  Improvement  in  Loblolly  Pine 

Relationship  of  growth  to  stand  density,  site,  and  age  in 
thinned  and  unthintned  stands 

Bud  and  branch  pruning 

Regeneration 

Site  preparation  for  hardwood  control  before  planting  clear- 
cut  areas 

Field  tests  of  hybrid  pines 

Seed  production  by  stand  characteristics 

Behavior  and  control  of  honeysuckle 

Silvics 

Prescribed  burning  as  a  silvicultural  tool  and  its  effect 
upon  soils 

Financial  Aspects 

Fann  woodlot  management  {k   woodlots) 

Relation  of  harvesting  costs  to  tree  size,  volume  cut  per 
acre,  topography,  etc. 

Determining  conversion  values  of  trees  for  alternate  uses 

Development  of  log  and  tree  grades 

Forest  valuation  (proposed),  growth  studies,  land  use,  etc. 


THE  FOREST  LABORATORY 


The  field  laboratcry  on  which  many  of  the  studies  of  this  research 
center  are  conducted  is  the  i4-,735-acre  Hitchiti  Experimental  Forest.   It 
is  situated  along  the  east  banks  of  the  Ocmulgee  River,  l8  miles  north  of 
Macon,  Georgia.   The  forest  derives  its  name  from  a  tribe  of  Indians  who 
formerly  lived  in  the  area. 


Climate  and  Soils  of  the  Experimental  Forest 

Climate 

The  climate  in  the  lower  Piedmont  is  well  suited  to  the  growth  of 
pine  timber.   The  mean  annual  rainfall  on  the  forest  is  about  kQ   inches. 
However,  spring  droughts  of  h-   weeks'  duration  may  be  expected  in  one  out 
of  every  5  years.   Mean  annual  temperature  is  63  degrees  F.,  with  ex- 
tremes ranging  from  6  degrees  F.  to  IO5  degrees  F.   The  growing  season 
lasts  7-I/2  months. 

Topography 

The  topography  is  typical  of  lands  bordering  the  major  streams  in 
the  lower  Piedmont.   It  is  characterized  by  deep,  narrow  valleys,  rounded 
ridges,  and  steep  slopes.   The  lowest  elevation  on  the  experimental  for- 
est is  328  feet;  the  highest  point  on  the  plateau  is  532  feet  above  sea 
level. 

Soils 

The  soils  occurring  on  this  forest  are  representative  of  those  of 
the  principal  watersheds  of  the  lower  Piedmont.   They  are  found  in  the 
following  proportions: 

Soil  series  Percent  occurrence 

Lloyd  and  Davidson  31 

Vance  27 

Madison  and  Cecil  20 

Wilkes  and  Louisburg  12 

Alluvial  and  Colluvial  9 

Miscellaneous  1 

The  Lloyd  and  Davidson  soils  are  dark,  chocolate-colored  soils.   They 
are  fertile  and  well  drained.   They  are  not  as  erodable  as  some  of  the 
other  Piedmont  soils.   The  Vance  soils  are  light  colored,  with  compact 
subsoils  which  retard  root  penetration  and  water  movement.   These  soils 
are  subject  to  severe  erosion.   The  Madison  and  Cecil  soils  are  the  well- 
known,  picturesque,  red  clay  hills  of  Georgia.   They  are  deep  soils  of 
good  structure,  well  drained,  and  moderately  productive.   They  are  highly 
susceptible  to  erosion  under  agricultural  abuse.   The  Wilkes  and  Louis- 


burg  soils  are  shallow,  undeveloped  soils,  with  frequent  outcrops  of 
parent  rocks.   They  are  agriculturally  unproductive  soils.  Alluvial 
and  Colluvial  soils  occur  as  narrow  branch  bottoms  and  in  depressions. 
There  are  no  extensive  flood  plains  on  the  experimental  forest. 

Various  degrees  of  erosion  are  found  on  all  of  these  soils.   On 
20  percent  of  the  area  the  topsoil  is  completely  gone.   An  additional 
70  percent  retains  only  a  thin  layer  of  topsoil.   Gullies  are  numerous 
and  traces  of  the  old  cotton-field  furrows  are  visible  here  and  there 
throughout  the  forest. 


The  Timber  Stand 

Practically  the  entire  forest  is  second-growth,  11  percent  be- 
coming established  during  the  War  between  the  States,  32  percent  origi- 
nating during  the  depression  years  of  the  late  l880's  up  to  World  War  I, 
and  3^4-  percent  coming  in  since  the  arrival  of  the  boll  weevil  in  I92O. 

The  principal  types  are  loblolly-shortleaf ,  and  loblolly-hardwoods. 
The  loblolly  makes  up  85  percent  of  the  pine  overstory,  shortleaf  I5  per- 
cent.  Over story  hardwoods  in  these  stands  are  confined  more  or  less  to 
stream  banks,  gullies,  and  old  house  places.  Under story  hardwoods  are 
encroaching  on  kO   percent  of  the  upland  pine  forest  area.   This  invasion 
of  hardwoods  ties  in  with  the  age  of  the  pine  overstory,  with  exposure 
and  degree  of  slope  and  the  drainage  pattern  of  the  land.   Roughly, 
about  10  percent  of  the  forest  is  classified  as  hardwood  stands,  where 
the  hardwoods  make  up  over  80  percent  of  the  dominant  canopy. 

The  pine  stands  are  mostly  even-aged,  where  the  trees  on  a  given 
acre  vary  no  more  than  10  years  in  age.   Only  about  8  percent  of  the  pine 
stands  are  many-aged  in  character,  where  seedlings,  saplings,  poles,  and 
saw  timber  occur  intermixed  on  a  given  area.  Of  the  even-aged  stands 
about  70  percent  are  fairly  well  stocked  with  either  seedlings,  saplings, 
poles,  or  saw  timber,  and  30  percent  are  definitely  understocked.   The 
average  volume  is  about  4,000  board  feet  per  acre,  with  a  range  from  8OO 
to  22,000  board  feet.   On  this  forest,  indications  are  that  the  average 
yearly  growth  of  merchantable  stands  exceeds  5OO  board  feet  per  acre,  or 
one  cord  per  acre.   And  still  this  forest  is  not  yet  fully  productive. 
Many  stands  are  understocked,  and  the  quality  of  many  trees  is  poor. 
The  full  production  potential  has  not  yet  been  reached. 


Loblolly  Pine  Management  Studies  on  the  Experimental  Forest 

The  research  program  on  this  experimental  forest  emphasizes  inveS' 
tigations  on  how  to  manage  loblolly  pine  for  various  owner  objectives, 
such  as  growing  maximum  volume  in  the  form  of  pulpwood  and  small  sawlogs 
as  against  growing  quality  timber,  like  poles  and  piling,  or  high  grade 
lumber. 


The  sllvicultural  as  well  as  the  economic  aspects  associated  with 
these  objectives  are  being  evaluated.  Under  sllvicultural  aspects  are 
Included  two  broad  systems  of  managing  loblolly  plne--the  selection  sys- 
tem or  many-aged  management,  versus  even-aged  management. 


Figure  2. --To  gauge  results  of  various  cutting  methods  on  compartments,  all  trees  6  inches  in 
diameter  and  larger  are  measured  at  5-  and  10-  year  intervals. 

Many-aged  Management 

Under  many-aged  management,    a  harvest   cut   Is  made   at    5-year   In- 
tervals   (fig.    2),    removing  the  growth  that   accrues   during  that   period, 
in  such  a  manner  as   to  bring  about   an  all-aged  or   selection  type   of 
forest   on  each   acre. 

Even -aged  Management 


Under  even-aged  management,  different  harvesting  methods  are  be- 
ing explored  (fig.  3)« 


1.  Clear  cutting  and  planting:  The  entire  crop,  saw  timber,  and 
pulpvood,  Is  being  removed  at  a  given  rotation  age,  (tentatively  set  at 
1+0  years)  and  the  area  Is  immediately  planted  to  pine. 

2.  Seed  tree  method:  All  merchantable  trees,  saw  timber,  and 
pulpwood,  are  harvested  when  the  stands  are  50  to  60  years  old,  with 
the  exception  of  6  good  seed  trees  per  acre  which  are  left  for  the  pur- 
pose of  restocking  the  area. 

3.  Shelterwood  cutting:  By  this  method  22  large  seed  trees  or 
kO   small  seed  trees  are  left  per  acre  to  restock  the  area.  These  re- 
sidual trees  are  removed  when  an  adequate  stand  of  seedlings  is  estab- 
lished. 

Economic  Aspects 

These  tests  are  made  on  logging  chances  of  about  hO   acres  each  so 
that  the  economics  of  harvesting  a  timber  crop  by  these  systems  and 
methods  of  management  can  be  evaluated. 

Levels  of  Cultural  Practices 

In  order  to  get  maximum  volume  or  highest  quality,  a  stand  has  to 
be  tended.  Certain  cultural  practices  must  be  applied  throughout  the 
life  of  the  stand.   Such  practices  include  seedbed  preparation,  release 
cuttings,  hardwood  control,  thinnings,  and  improvement  cuttings. 

Two  levels  of  cultural  care  are  given  the  stands  under  each  method 
of  management.   One  is  a  high  level  which  is  intended  to  assure  success 
of  the  management  method  employed.  The  other  is  a  moderate  level  de- 
signed to  provide  the  best  success  possible  at  reasonable  cost  and  does 
not  include  any  treatment  that  will  not  pay  for  itself  now.   The  purpose 
of  these  two  levels  is  to  determine  whether  additional  expenditures  above 
the  absolute  essentials  will  pay  off  in  terms  of  added  yields. 

The  loblolly  pine  management  study  area  is  shown  in  Figure  3  of 
this  report.  A  more  detailed  description  of  studies,  treatments,  and 
results  follows. 
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Figure    3.--A  major  study  on  tte    experimental  forest   is   a  long-time   comparison  of  different 
management   systems  on  compartments   of  about   i+O  acres   each. 
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Figure  U. --Location  of  sfiecial  studies  on  the    experimental  forest. 
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Observation  Point,  Compartment  19,  Loblolly  Pine 


Treatment 


Even-aged  management,  shelterwood  method,  large  saw  timber  objec- 
tive, high  level  of  cultural  practices  (fig.  5)« 

Shelterwood  harvest  cut  made  in  winter  of  19^9 •   Left  27  trees 
per  acre,  with  a  volume  of  3,l60  board  feet. 

Stand  History--per-acre  data  (pine  only) 


Saw  timber 

Pulpwood 

Topwood 

Total  stand   : 

Cut   : 

Total  stand   : 

Cut   : 

Cut 

Stand 
Stand 

-  19kG 

-  19^+9 

Bd.ft. 

5,720 
6,090 

Bd.ft. 
2,930 

Cords 

k.l 
k.6 

Cords 
i^.l 

Cords 
0.7 

Growth 

The  average  annual  growth  per  acre  during  three  growing  seasons, 
19^7  to  19^9  inclusive,  was  ^37  "board  feet,  plus  O.3  cords  of 
pulpwood  which  includes  usable  topwood. 


Cultural  Practices 


In  September  1950,  29  low -value  hardwoods  per  acre,  averaging 
5.^  inches  at  breast  height  (d.b.h.)  were  treated  with  ammate 
at  a  cost  of  $1.59  per  acre. 


Figure  5. --Shelterwood  method  of  harvesting  timber  in  Compartment  19,  3  years  after  cutting. 
Pine  seedlings  are  still  hidden  in  grass. 


Observation  Point,  Compartment  21,  Loblolly  Pine 


Treatment 


Even-aged  management,  clear  cutting  and  planting,  small  saw  tim- 
ber and  pulpwood  objective,  high  level  of  cultural  practices 
(fig.  6). 

Clear   cut   and  planted   in  the  winter  of  191+8. 

Stand  History--per-acre  data  (pine  only) 


Saw  timber 


Total  stand 


Cut 


Pulpwood 


Total  stand 


Cut 


Topwood 


Cut 


Stand 
Stand 


Growth 


19^5 
19^+8 


Bd.ft. 

6,970 
5,325 


Bd.ft. 

1,903 
5,325 


Cords 

5.1 
1/5. 7 


Cords 


Cords 


h.k  2.1 

1?  Some  of  this  wood  was  not  harvested  because  it  was  too 
small  for  profitable  operation. 


The  average  annual  growth  per  acre  was  1.1  standard  cords. 
Cultural  Practices 

Brush  disposal. --The  tops  and  branches  left  from  logging 
were  piled  and  burned  to  permit  immediate  planting. 

Planting. --As  a  result  of  brush  disposal,  20  percent  of 
the  area  could  be  machine  planted  at  operating  costs  of  $4.26 
per  acre,  while  the  remainder  was  hand  planted  at  a  cost  of 
$9.64  per  acre. 

Hardwood  control. --In  August  1950,  the  worthless  hardwoods 
were  poisoned  with  ammate  at  a  cost  of  $1.76  per  acre.   Forty- 
seven  trees  per  acre,  from  3  inches  d.b.h.  and  up,  were  treated. 
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Figure  6. --Compartment  21,  clear 
cut  and  planted  in  19^8,  chang- 
ed from  pine  straw  litter  to 
broomsedge  in  one  year.   Pine 
seedlings  are  now  again  crowd- 
ing out  the  broomsedge. 


Ik 


Observation  Point,  Compartment  27,  Loblolly  Pine 


Treatment 


Even-aged  management,  clear  cutting  and  planting,  small  saw  tim- 
ber and  pulpwood  objective,  low  level  of  cultural  practices. 

Clear  cut  and  planted  in  winter  of  19^9- 

Stand  History--per-acre  data  (pine  only) 


Saw  timber 


Total  stand 


Cut 


Pulpwood 


Total  stand 


Cut 


Topwood 


Cut 


Stand 
Stand 

Growth 


19i^5 
1949 


Bd.ft. 

5,29i^ 
5,388 


Bd.ft. 

1,17^ 
5,388 


Cords 

5.6 

5.7 


Cords 


5.7 


Cords 


1.5 


The  average  annual  growth  during  a  3-year  period  was  401  board 
feet  per  acre,  or  expressed  in  terms  of  pulpwood,  1.2  cords. 


Cultural  Practices 


Brush  disposal. --Branches  and  tops  left  from  logging  were 
piled  in  windrows  and  put  into  gullies  at  a  labor  output  of  10 
man-hours  per  acre. 

Planting. --Full  stocking  was  obtained  by  planting  between 
windrows.  Planting  machine  could  have  been  used  on  36  percent 
of  the  area,  where  slope  and  soil  were  suitable. 

Hardwood  control. --In  August  1950,  the  worthless  hardwoods 
5  inches  and  larger  were  treated  with  ammate  at  a  cost  of  $0.93 
per  acre . 
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Observation  Point,  Compartment  24,  Loblolly  Pine 


Treatment 

Many-aged  management,  tree  selection  cutting,  5 -year  cutting 
cycle,  small  product  objective. 

Stand  Hlstory--per-acre  data  (pine  only) 


The  average  per-acre  growth  over  a  4-year  period  was  479  board 
feet,  plus  0.5  standard  cords  of  pulpwood. 


Saw  tlmb 

er                 \ 

Pulpwood 

Topwood 

Total  stand 

:     Cut      : 

Total   stand      : 

Cut    : 

Cut 

Stand   ■ 
Stand   ■ 

Bd.ft. 

-  1944       6,242 

-  1950        6,089 

Bd.ft. 

1,97^ 
1,538 

Cords 

4.8 
5.5 

Cords 
0.2 

Cords 
0.4 

Growth 

Cultural  Practices 


In  July  1951^  ^8  hardwood  stems  per  acre,  averaging  4  Inches 
d.b.h.,  were  poisoned  with  ammate  at  a  cost  of  $1.70  per  acre, 
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Observation  Pointy  Compartment  29,  Loblolly  Pine 


Treatment 


Many-aged  management,  individual  tree  selection  cut,  large  pro- 
duct objective,  high  level  of  cultural  measures  (fig.  7). 

Cutting  made  in  winter  of  19^6-^7. 

Stand  History--per-acre  data  (pine  only) 


Stand  19^7 


Hardwood  Control 


Saw  timber                  [ 

Pulpwood 

Topwood 

Total  stand      :      Cut      : 

Total  stand      : 

Cut      : 

Cut 

Bd.ft.                 Bd.ft. 
7,726                   2,602 

Cords 
^.1 

Cords 
1.8 

Cords 

In  the  spring  of  1951  openings  created  by  the  improvement  cut 
made  in  19^6  were  treated  to  release  pine  seedlings  which  had 
come  up  in  these  openings.   An  average  of  50  trees  per  acre 
were  treated  at  a  cost  of  $2.30. 

Pine  Seedling  Establishment 

Four  years  after  the  harvest  cut,  a  sample  survey  on  9  acres 
disclosed  the  following: 

1.)   Twenty-one  percent  of  the  area  is  in  openings,  which 

resulted  mostly  from  the  cutting  of  large,  mature  trees. 

2.)   The  average  size  opening,  between  perpendicular  crown 
projections,  is  35  feet. 

3.)   Ninety-three  percent  of  the  openings  are  well  stocked 
with  thrifty  seedlings. 

k.)      The  average  height  of  the  dominant  seedlings  at  the 
end  of  the  fourth  growing  season  is  3  feet. 


I 


1? 


Figure  7- --Selective  logging  in  Compartment  29.  Pine  seedlings  established  in  opening  since 
logging  in  19^6.   Competing  understory  hardwoods  treated  with  ammate. 


Observation  Pointy  Compartment  ^1,  Loblolly  Pine 


Treatment 


Even-aged  management,    seed  tree   cutting,    large  product  objective, 
high   level  of   cultural  measures    (fig.    8). 

Seed  tree  cut  made   in  winter  of  1950-51>    leaving  six  seed  trees 
per   acre,   with   I7O5  bd.    ft. 

Stand  History--per-acre   data   (pine  only) 


Saw  timber 


Total   stand 


Cut 


Pulpwood 


Total   stand 


Cut 


Stand 
Stand 


19^+6 
1950 


Bd.ft. 

7,^19 
8,151 


Bd  .  f  t . 
2,1+13 

6,100 


Cords 

2.8 

3.1 


Cords 


2.9 


Topwood 


Cut 


Cords 


1.1 


Growth 


The   average  annual  growth  rate  during   the  past   k-  years  was   786 
bd.    ft.   per   acre. 


Cultural  Practices 


In  August   1951,    ^1  hardwood  stems  per   acre,    averaging  5   inches 
d.b.h.,   were  poisoned  with   ammate  crystals   at  a  cost  of  $1.86 
per  acre . 
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Figure  6. --Seed-tree  cutting  in  Compartment  kl.      Seed  trees  were  carefully  selected  for  fruit- 
fulness  and  good  form. 
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Farm  Woodland  Management 

Investigations  of  forest  management  in  the  Southern  Piedmont 
would  be  incomplete  without  considering  the  problems  connected  with  the 
management  of  farm  woods.  The  economic  aspects  of  managing  them  are 
emphasized  in  our  research  work. 

What  are  the  returns  to  the  farmer  from  selling  stumpage  and  from 
harvesting  and  selling  cut_ products? 

What  frequency  of  cutting  is  best  suited  for  his  business? 

'■■  '  ■   What  kind  of  products  can  he  grow  best? 

To  answer  these  questions,  four  farm  woodlots  are  under  intensive 
management  on  this  experimental  forest.  They  differ  from  each  other  in 
amounts  of  initial  growing  stock  and  in  the  numbers  of  worthless  hard- 
woods. 

Initial  growing  stock  per  acre  in  19^8  was  as  follows: 


Woodlot 

:  Area  : 

Pine 

Hardwood 

Total  : 

Saw  timt 

er  : 

Cordwood  : 

Trees  : 

Trees 

Acres 

Cu.ft. 

Bd.ft. 

Std 

.  cords 

Number 

Number 

1 

ko 

2,0i^T 

7,96? 

i^.5 

85 

8 

2 

^3 

l,J+6l 

5,206 

i^.l 

73 

29  . 

3 

^3 

902 

2,666 

3.9 

67 

26 

1+ 

30 

kkl 

lOi^ 

5.6 

91 

7 

Group 

Selection 

Three  of  the  woodlots  are  managed  by  the  group  selection  method, 
on  an  annual  cutting  cycle.   One-fifth  of  the  area  of  each  woodlot  is 
cut  over  each  year,  harvesting  no  more  than  the  annual  growth  from  the 
entire  woodlot. 

After  the  fifth  annual  harvest  cut,  woodlot  No.  2  will  be  har- 
vested at  5-ysa'^  intervals  only. 

Pulpwood  Rotation 

Woodlot  No.  k   is  managed  on  a  30-year  pulpwood  rotation  by  clear 
cutting  and  planting  1  acre  each  year.   Occasionally,  additional  areas 
on  this  30-acre  woodlot  may  need  to  be  thinned. 
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Figure  9.--A  mature  stand  in 
farm  woods  being  marked  for 
harvesting  by  group  selec- 
tion. 


Financial  Returns 

The  first  three  annual  harvests  combined  gave  stumpage  returns  of 
$600.95,  $328.10,  and  $160.10  for  woodlots  1,  2,  and  3.  The  respective 
roadside  values  were  $1,021.89,  $639. 3^]-,  and  $300.00.  This  reflects 
annual  gross  returns  of  $8.52,  $4.96,  and  $2.33  pei"  acre. 

The  location  of  these  woodlots  is  shown  in  figure  k. 

Special  Studies 
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Numerous  problems  encountered  in  the  management  of  a  forest  can- 
not be  solved  by  large-scale  tests. 

Consequently,  detailed  studies  are  under  way  to  solve  more  speci- 
fic silvlcultural  and  economic  problems.   These  studies  are  designed  so 
that  they  can  be  statistically  analyzed  and  the  significance  of  results 
evaluated. 
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Their  location  is  given  in  figure  2,  and  observation  points  are 
employed  to  describe  them. 


Special  Studies,  Observation  Point  No.  1 


Hybrid  Pines 


Recent  studies  have  shown  that  there  are  different  geographic 
races  within  the  loblolly  and  shortleaf  pine  species.   This  in  turn 
brings  up  the  possibility  of  breeding  for  faster  growth  rates,  better 
seed  production,  improved  form,  increased  disease  resistance,  and  other 
superior  traits. 

Seedlings  from  several  hybrids  of  shortleaf  and  loblolly  pine 
were  planted  in  the  spring  of  1951  to  test  them  against  examples  of  the 
parent  species  from  different  localities.   The  experimental  design  for 
the  progeny  tests  of  these  hybrids  is  shown  below: 
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Row  2  is  shortleaf  pine. 

Rows  5,  8,  and  9  are  loblolly  pine  from  different  localities. 

Rows  1  and  6  are  crosses  of  shortleaf  and  loblolly  pine. 

Rows  h   and  7  are  shortleaf  loblolly  hybrids  backcrossed  with  loblolly. 

Row  3  is  a  shortleaf-loblolly  hybrid,  self  fertilized. 
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Special  Studies,  Observation  Point  No.  2 

Conventional  Pruning  by  Two  or  More  Operations 

Many  areas  in  the  Piedmont  are  only  partially  stocked  with  limby 
trees  which  are  worthless  for  the  production  of  lumber. 

Is  it  economically  practical  to  prune  these  trees  so  that  clear 
lumber  will  be  grown? 

When  should  pruning  be  done --at  a  time  when  a  clear  l6-foot  log 
can  be  pruned  in  one  operation,  or  in  two  or  moie  operations  before  the 
limbs  get  large  and  while  the  core  of  the  stem  is  small? 

How  much  of  the  live  crown  can  one  prune  at  a  time  without  killing 
the  tree  or  reducing  its  growth  unduly? 

What  is  the  final  value  of  lumber  of  a  pruned  tree  versus  an  un- 
pruned  tree? 

These  are  some  of  the  questions  under  consideration  here.   There 
are  eight  blocks  of  five  l/lO-acre  plots  where  the  following  tests  are 
being  made: 

1.  Pruning  l/2  total  height  in  summer  in  two  or  more  operations. 

2.  Pruning  l/2  total  height  in  winter  in  twD  or  more  operations. 

3.  Pruning  2/3  total  height  in  summer  in  two  or  more  operations. 

k.      Pruning  a  full  l6-foot  log  by  2/3  height  pruning  in  one 
operation. 

5.   No  pruning. 

The  study  was  started  in  19^5.   Three  prunings  have  been  applied 
so  far.  The  two-thirds  height  pruning  is  70  percent  completed,  half- 
height  pruning  is  k2   percent  completed,  two-thirds  height  in  one  opera- 
tion is  97  percent  completed. 
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Special  Studies,  Observation  Point  No.  3 

Spacing  and  Thinning  Study 

Of  paramount  importance  to  timber  growers  is  a  knowledge  of 
growth  that  can  be  obtained  under  various  degrees  of  stocking.   Growth 
rate  is  influenced  by  the  spacing  of  the  trees,  their  age,  and  the  site 
upon  which  they  grow  (fig.  10). 


»&*^^ 
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Figure  10. --Two  plots,  of  a  series  of  72,  designed  to  determine  optimum  spacing  for  saw-timber 

or  pulpwood  objectives.   A  shows  low  density  of  residual  stand.   B  is  high  density. 
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To  determine  what  the  growth  rates  are  under  various  combinations 
of  the  above  conditions,  72  quarter-acre  plots  were  established  in  the 
winter  of  19^8-^9.   Some  of  the  plots  were  thinned  to  correspond  to 

densities  of  other  unthinned  plots.   This  study  is  part  of  a  region- 
wide  study  which  will  result  in  information  on  expected  yields  from 
loblolly  pine  under  various  conditions. 

Two  of  the  plots  are  described  in  detail  below: 


Plot 
number 

:     Age   : 

Site   : 
Index  : 

Average 
d.b.h. 

:   Initial 
:   BA/acre 

:   Volume 
:    Cut 

:   Residual 
:   BA/acre 

Years 

Feet 

Inches 

Sq.ft. 

Cords 

Sq.ft. 

63 

28 

80 

6.9 

181 

5.9 

135 

Gk 

26 

85 

8.0 

158 

14.9 

98 

Additional  Studies 

At  the  Casulon  Plantation  near  Bishop,  Georgia,  an  interesting 
study  of  bud-pruning  slash  pine,  to  develop  knot-free  lumber,  is  nearing 
completion.   Another  study,  nearly  completed,  is  to  determine  whether 
certain  preplanting  treatments  in  young  hardwood  areas  are  beneficial 
for  establishing  planted  pines. 

On  the  Hitchiti  Experimental  Forest,  a  bud-pruning  study  of  lob- 
lolly pine  has  been  started.  A  small  study  is  in  progress  to  determine 
what  happens  to  the  unmerchantable  pine  saplings  left  after  clear  cutting. 
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Figure  11. --Japanese  honeysuckle  in  Piedmont  forests  is  increasing. 


Figure  12. --Detailed  study  of  shelterwood  condition  often  found  in  the  lower  Piedmont, 
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Control  of  Japanese  honeysuckle,  which  prevents  the  establish- 
ment of  pine  seedlings,  is  also  being  investigated  (fig.  11). 

Another  study  is  intended  to  show  how  best  to  handle  the  more 
open-grown  pine  stands  that  have  a  heavy  understory  of  pine  seedlings. 
The  purpose  of  the  study  is  to  find  out  how  well  and  how  long  pine  seed- 
lings can  thrive  under  various  degrees  of  pine  overstory  shade,  how  seed- 
lings respond  to  release,  and  what  damage  they  suffer  from  logging  opera- 
tions (fig.  12). 

The  controlled  use  of  fire  as  a  possible  tool  for  checking  in- 
vasion of  undesirable  hardwoods,  and  its  effect  upon  the  soil,  are  sub- 
jects of  a  cooperative  undertaking  between  several  research  centers  and 
the  Georgia  Experiment  Station. 

Another  cooperative  enterprise,  with  participation  by  the  South- 
ern Pine  Inspection  Bureau,  deals  with  determining  lumber-grade  yields 
for  a  new  set  of  pine  log  and  tree  grades  that  were  developed  in  coopera- 
tion with  the  Southern  Forest  Experiment  Station. 

At  Hamilton,  in  west-central  Georgia,  the  Station  and  the  Ida 
Cason  Callaway  Foundation  are  cooperating  on  a  broad-scale  tree  improve- 
ment study  that  occupies  a  graduate  forester  full  time.   Emphasis  is  on 
the  four  principal  southern  pines,  longleaf,  slash,  loblolly,  and  short- 
leaf.   The  first  step  was  to  locate  trees  that  seem  to  have  outstanding 
growth  rate,  vigor,  form,  and  disease  resistance.   Next  step  is  to  test 
their  progeny  to  see  whether  these  traits  are  inherited.   After  superior 
strains  that  breed  true  to  type  have  been  proven,  seed  will  be  produced 
in  quantity.   Nearly  300  outstanding  mother  trees  have  been  selected 
from  natural  stands  and  plantations  on  a  35jOOO-acre  property.   Eight 
thousand  seedlings  grown  from  seed  of  these  selected  trees  were  out- 
planted  in  1951^  and  additional  seed  was  sown  in  the  nursery  in  1952. 
Also,  controlled  pollinations  have  been  made  between  outstanding  in- 
dividuals of  all  four  species. 
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SUGGESTED  PROJECTS  IN  THE  GENETIC  IMPROVEMENT  OF 
SOUTHERN  FOREST  TREES 

by 
The  Committee  on  Southern  Forest  Tree  Improvement 


INTRODUCTION 


At  the  close  of  a  South-wide  conference  on  forest  genetics  held  in 
January  1951;  a  standing  committee  representing  State,  federal^  industrial, 
and  educational  forestry  groups  was  appointed  to  foster  and  encourage  tree 
improvement  work  in  the  South.   This  Committee  on  Southern  Forest  Tree  Im- 
provement has  set  up  the  following  purposes  to  guide  its  work: 

(1)  To  advise  and  assist  those  interested  in  the  improvement  of 
southern  forest  trees  in  arranging  and  conducting  research  and 
development  programs, 

(2)  To  provide  a  clearing  house  for  forest  tree  improvement  infor- 
mation » 

(3)  To  provide  for  or  assist  in  the  coordination  of  a  South-wide 
program  of  tree  improvement  research  and  development o 

(h-)      To  foster  and  encourage  the  advancement  of  knowledge  of  southern 
tree  genetics » 

The  "how"  and  "what"  of  tree  improvement  work  have  been  major  con- 
cerns of  the  committee  since  Its  inception.   The  "how"  has  been  approached 
by  the  preparation  of  guideline  publications  intended  to  summarize  the  best 
current  recommendations  or  methodology  in  seed-source  testing,  selection  of 
superior  trees,  progeny  testing,  and  the  application  of  genetics  to  seed 
collection.   The  guides  published  to  date  are  listed  inside  the  front  cover. 

The  present  publication  attempts  to  tell  the  "what"  of  tree  improve- 
ment research.   It  is  directed  to  those  who  can  help  in  a  South-wide  advance 
on  the  broad  front  of  forest  genetics  and  who  want  suggestions  on  what  to  do. 
For  this  purpose,  the  committee  has  compiled  an  inventory  of  the  many 
studies  that  await  attention. 

The  committee  has  not  attempted  to  present  a  completely  organized 
program  with  priorities  and  time  schedules.   The  work  selected  by  any 


particular  group  necessarily  depends  on  the  local  forest  problem^  the 
objective  of  the  organization,  and  the  money  and  skills  available  to  it. 

On  +he  other  hand,  the  committee  does  assist  in  coordination  of 
programs  to  the  extent  feasible.   Particular  attention  is  called  to  the 
committee's  "Directory  of  Forest  Genetics  Activities  in  the  South,"  which 
should  be  used  in  conjunction  with  this  list  of  needed  projects.   The 
directory  telxs  who  is  doing  what,  and  a±so  lists  the  arboretum  materials 
available  throughout  the  South.  Those  interested  in  a  given  field  of 
genetics  research  are  encouraged  to  keep  in  touch  with  others  who  are 
shown  by  the  directory  to  be  working  on  the  same  species  or  problem. 

The  committee  also  serves  as  a  clearing  house  for  information 
through  its  semi-annual  newsletter,  its  general  meetings,  its  committee 
meetings,  and  its  four  subject-matter  subcommittees  on  the  following 
subjects : 

Geographic  source  of  seed 
Genetic  control  of  seed 
Selection  and  breeding 
Progeny  testing 

The  committee  is  also  glad  to  offer  advice  to  individuals  or 
groups  as  to  the  particular  types  of  tree  improvement  work  that  will  best 
meet  their  needs. 

The  remainder  of  this  report  is  devoted  to  a  list  of  projects  or 
studies  needed  in  the  several  major  phases  of  southern  forest  tree  im- 
provement . 


SUGGESTED  PR0.7ECTS  IN  THE  APPLICATION  OF  GENETICS  TO 
THE  COLLECTION  OF  SEED  FOR  PLANTING 


1.  Definition  of  an  acceptable  tree  suitable  for  seed  production 
for  different  species,  and  possibly  for  specific  uses. 

2.  Relation  of  average  annual  seed  yield  to  age,  site,  stand  con- 
dition, past  cone -bearing  history,  etc .  _,  for  different  species, 
to  show  seed  producing  capacity  of  seed  orchards. 

3.  Stimulation  of  seed  production  by  means  of  fertilization,  re- 
lease, wounding,  banding,  and  other  treatments o 

4.  Research  on  the  relation  of  drought.  Insects,  and  other  factors 
to  pollen_(  cone,  and  seed  losses  in  southern  pines. 

5.  Research  on  causes  of  low  germination  of  apparently  viable 
seed„ 

6.  Seed-testing  laboratory  for  service  testing, 

7.  Techniques  for  mass  storage  of  seed  collected  in  abundant  seed 
years . 

8.  Development  of  equipment  for  large-scale  seed  collection  from 
standing  trees. 

9.  Research  on  the  Inheritance  of  seed  production. 
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SUGGESTED  PROJECTS  IN  GEOGRAPHIC  SOURCE  OF  SEED  FOR 
FOREST  PLANTING 


Restricted  tests  of  geographic  source  of  seed  within  an  agency's 

seed  collection  territory  /[for  example,  a  State);;  as  outlined 

in  the  committee's  publication  "Standardized  Working  Plan  for 
Local  Tests  of  Seed  Source  <," 

Participation  in  region-wide  cooperative  studies  of  seed  source, 
such  as  those  initiated  under  the  sponsorship  of  the  committee 
in  195-1- •   See  "Working  Plan  for  Cooperative  Study  of  Geographic 
Sources  of  Southern  Pine  Seed/'  prepared  under  the  committee's 
sponsorship. 

Basic  studies  of  the  phenological  and  physiological  data  asso- 
ciated with  geographic  seed  source.  Examples  are  dates  of 
pollination,  onset  of  growth^  termination  of  growth,  frost  re- 
sistance, and  response  to  day  length  of  different  geographic 
strains,  both  in  seed  source  plantations  and  in  native  strains. 

Relation  of  geographic  seed  source  to  disease  resistance  and  to 
wood  properties. 

Studies  of  the  relative  effect  of  environment  (climate,  soil, 
etc)  and  of  heredity  (local  breeding  populations^,  migration 
paths)  as  determinants  of  seed  collection  areas. 
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OBJECTIVES  IN  THE  IMPROVEMENT  OF  SOUTHER.N  FOREST  TREES 
THROUGH  SELECTION  AND  BREEDING 


1.  Increased  volume  growth  per  acre  in  commercial  species. 

2.  For  particular  purposes,  develop  strains  of  pine  or  hardwoods 
having  wood  characteristics  desired,  such  as: 

a.  High  density  and  strength 

b.  Low  density  and  ease  of  working 

c.  Desirable  texture 

d.  Long  fibers 

e.  Straight  grain  and  low  fibril  angle 

f .  Small  knots 

g.  Desirable  sapwood-heartwood  ratio 

h.  Desirable  content  of  extractives  in  the  wood 

3»   Resistance  to  important  diseases: 

a.  Fusiform  rust  canker  in  slash  and  loblolly  pine 

b.  Brown-spot  in  longleaf  pine 

c.  Littleleaf  in  shortleaf  and  loblolly  pine 

d.  Fomes  annosus  root  rot  in  redcedar,  etc, 

e.  Blister  rust  in  white  pine 

f.  Oak  wilt^  heartrot,  etc.,  in  hardwoods 

h.     Resistance  to  insect  pests: 

a.  Bark  beetles  in  all  southern  pines 

b.  Nantucket  pine  tip  moth  in  loblolly  pine  and  shortleaf  pine 

c.  White  pine  weevil  in  white  pine 

5o   Increased  yields  of  high-quality  naval  stores  products  from 
slash  and  longleaf  pine, 

6,   Tree  varieties  with  high  resistance  to  drought  for  planting  on 
dry  sites,  especially  longleaf  pine  and  other  species  that  grow 
naturally  on  such  sites. 

7»   Strains  of  longleaf  pine  that  make  rapid  initial  height  growth 
in  the  seedling  stage. 

8.   Strains  of  forest  trees  that  permit  greater  utilization  of  the 
stem.   These  strains  in  all  Important  species  may  have  shorter 
crowns,  shorter  branches,  less  stem  taper,  and  accelerated 
natural  pruning. 
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9»      Hardwoods,    such  as   yellow -poplar  and  white  oak  that   do   not 
have   epicormic   sprouts o 

10.  Varieties  of  yellow -poplar  _^   maple,   black  cherry,    walnut,    sweet- 
gum,    etc» ,    that  have   figured  wood, 

11.  Black  walnut  that  produces   nuts   of   superior  quality  and  at   the 
same  time  high-quality  wood   in  planted   stands » 

12.  Sweetgum  that   has   straight  grain  rather  than  interlocked  grain^ 
for  ease   in  drying  and  working, 

13-      Redcedar   that  has  high  vigor,    desirable   characteristics  for  use 
as   Christmas  trees   and  other  products, 

ik.     Black  locust  with  good  form,   high  heartwood  percent^    and  fast 
growth, 

15.  Virginia  pine  with  straight   stems,    small   stem  taper,    and  better 
natural  pruning  ability, 

16.  White  oak,    red  oak,    ash,   hickory^    yellow-poplar,    and  other  hard- 
woods that  have  high  growth  rate  yet  produce  wood  suitable  for 
various   products.      This  may  require  higher  density,    lower  den- 
sity,   greater  strength   or  other   characteristics,    depending  upon 
use   for  products   such  as   veneer,    lumber,   handles,    etc, 

17.  Dense -crowned^    rapid-growing  firs,    cedars,    or  other   species   that 
have   attra'^tive   foliage,    color,    and  other  desirabi.e   character- 
istics for  Christmas   trees, 

18.  Polyploid  or  mutant    forms   of   important    hardwoods   species   that 
may  have  the  optimx;im  chromosomal  complement  for  vigor,   wood 
quality,    and  resistance  to  pests, 

19<     White  pine  that   prunes   itself  well  naturally, 

20,      Chestnut  that    is  blight-resistant   and  that   is   a  timber-type  tree, 
suitable   for  forest   planting   sites. 
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SUPPORTING  STUDIES  NEEDED  IN  TECHNIQUES  AND  BASIC 
ASPECTS  OF  FOREST  GENETICS 


Selection 


1.  Develop  techniques  of  selection: 

a.   Determine  the  range  of  inherent  variation  within  species 

with  regard  to  tree  quality  for  timber  products  (logs,  poles ^ 
piling^  ties,  lumber,  veneer,  etc.)_,  derived  products  (pulp, 
cellulose,  lignin,  essential  oils,  etc,)>  oleoresin,  and 
edible  fruit;  also  with  regard  to  resistance  to  drought,  in- 
sects, fungi,  viruses,  extremes  of  heat  or  cold,  and  mechan- 
ical damage  from  ice  or  snow.  Determine  standard  deviation 
for  each  trait  and  the  correlation  between  pairs  of  the  more 
economica,Hy  important  traits. 

b„   Conduct  surveys  for  phenotypically  superior  trees  and  pre- 
pare catalogues  to  make  them  available  to  foresters  and 
tree  breeders. 

c.  Determine  Intraspeciflc  taxonomlc  variation  in  Important 
species »   This  will  require  cooperation  of  taxonomists  to 
re-analyze  the  status  of  species,  varieties^  forms,  races^ 
and  st rains o 

d.  Incorporate  knowledge  obtained  fran  studies  in  mode  of  in- 
heritance into  plans  for  selecting  superior  phenotypes  in 
wild  populations^   This  will  require  knowledge  of  the  eco- 
nomic value  of  important  characters  and  the  degree  of  gene- 
tic controto   The  data  will  be  used  in  writing  specifications 
for  phenotypically  superior  trees  in  surveys  for  breeding 
stock. 

e.  Determine  which  methods  of  selection,  such  as  the  total  score 
method,  tandem  method,  or  others  used  by  piant  and  animal 
breeders,  are  suitable  for  use  in  breeding  plans  for  forest 
trees. 

2.  Determine  correlation  between  juvenile  and  adult  characters  or 
those  of  intermediate  ages  as  a  basis  for  selection  in  nursery 
beds  or  evaluation  of  hybrids  at  a  very  young  age. 


Determine  the   place  of  mass  selection  in  silvicultural  prac- 
tices for  major  species.,  Results  of  these  studies  should 
guide  selection  of  crop  trees  and  seed  trees  when  intermediate 
and  final  cuts  are  madeo   Criteria  for  judging  the  inherent 
vaxue  of  standing  trees  will  be  needed „ 

Selection  of  pnenotj^rpes  for  specific  purposeSo   It  is  probable 
that  many  aberrant  forms  of  forest  trees  will  be  noted  in  sur- 
veys for  phenotypically  elite  trees  for  forestry  purposes o 
Some  of  the  aberrant  forms  may  have  value  as  specimen  trees  or 
for  landscaping.   Others,  especially  mutants,  may  have  value 
in  cyto logical  studies. 


Anatomical  Studies 


1.  Determine  effect  of  variations  in  structural  features  (width 
of  rings ^  proportions  of  springwood  to  summerwood,  fiber 
length,  and  fibril  angle  in  cell  walls)  on  Important  properties 
of  density,  strength,  shrinkage,  and  pulping  properties  of 
woodo 

2.  Develop  practical  methods  for  selecting  trees  with  superior 
wood  properties  on  the  basis  of  the  related  anatomical  fea- 
tures o  This  involves  sorting  out  the  purely  environmental  from 
the  genetic  influences  on  the  above-named  anatomical  characters, 
so  that  inherently  superior  trees  can  be  identified  in  the 
field. 


Breeding 


lo   Learn  mode  of  inheritance  of  various  cinarai^ters : 

a.  Determine  compatibilities  for  crossing  within  species  of 
softwoods  and  hardwoods  o 

b.  Determine  relative  importance  of  '"hromosomal  and  cyt.oplasmic 
inheritance  of  morphological  and  physiological  characters 

of  economic  import ance. 

Co   Determine  Mendetian  ratios  for  Inheritance  of  vegetative 
vigor,  tree  form,  crown  width,  pruning  ability^  resistance 
to  pests,  and  otner  characters  of  economic  importance.   This 
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includes  studies  of  dominance  or  recessiveness  of  impor- 
tant characters  and  studies  of  number  of  genes  involved  in 
inheritance  of  characters.   The  genetic  correlation  between 
pairs  of  traits  should  be  determined.   Breeding  material 
for  such  studies  may  be  obtained  from  studies  of  natural 
variation  and  surveys  for  phenotypically  superior  trees o 

d.  Determine  incidence  of  hybrid  vigor  in  crosses  within  and 
between  important  species. 

e.  For  major  species  determine  fertility  of  the  seed  and  vigor 
of  offspring  after  selfing.  Self -incompatible  species  will 
require  cross  pollination;  self -compatible  species  may  be 
selfed  or  inbred.   Selfing  is  a  valuable  technique  for  in- 
creasing genetic  uniformity. 

2,  Develop  methods  for  obtaining  combinations  of  desirabi.e  char- 
acters in  hybrids: 

a.  From  the  studies  of  mode  of  inheritance  of  characters  de- 
termine effectiveness  of  cross -pollination  and  inbreeding 
to  obtain  combinations  of  valuable  characters  in  the  first 
general  1  on » 

b.  Develop  breeding  plans  for  a  series  of  crosses  and  back 
crosses  suitable  for  use  with  forest  trees.   This  will  re- 
quire modif if^at ion  of  conventional  methods  used  in  breeding 
annual  crops ^  fruit  trees,  and  farm  animals.   With  a  know- 
ledge of  inheritance  of  characters  in  trees,  it  should  be 
possible  to  plan  a  series  of  controlled  crosses  to  combine 
valuable  genes  into  superior  gene  complexes. 

3.  Cytological  studies: 

a.  Determine  chromosome  number  of  tree  species. 

b.  Determine  incidence  of  naturally  occurring  polyploid  in- 
dividuals or  races;  also  other  types  of  mutants,  such  as 
amphidiploids  and  aneuploidSo   This  can  be  done  in  con- 
junction with  studies  of  intraspecif ic  taxonomlc  variations. 

c„   Determine  if  chromosome  pairing  is  normal  in  hybrids.   This 
has  a  bearing  on  some  types  of  sterility  and  is  therefore 
important  in  breeding  programs. 

d.   Determine  optimum  number  of  chromosomal  sets  for  maximum 

vegetative  vigor,  particularly  in  hardwoods  where  some  poly- 
ploids are  more  vigorous  than  are  diploids.   This  also  has 


-  9  - 


importance  in  breeding  softwoods^  where  polyploids  may  be 
less  vigorous  than  diploids  and  would  have  negative  selec- 
tion value  o 

e.   Develop  methods  for  inducing  mutations^  particularly  poly- 
ploids, to  develop  new  tree  types  and  permit  cross-breeding 
of  plants  that  have  different  numbers  of  chromosomes  so 
that  they  will  produce  fertile  offsprings 

Explore  genus  Pinus  and  genera  of  important  hardwoods  for 
breeding  material: 

a.  Determine  species  mostly  likely  to  be  adapted  to  climatic 
conditions  in  the  South, 

b.  Establish  observation  plots  of  selected  introduced  species 
to  determine  vigor,  tree  form,  and  resist.ance  to  pests 
under  typical  growing  conditions  in  the  South,   These  tests 
should  be  made  in  each  climatic  zone  and  physiographic 
region, 

c.  Analyze  characteristics  of  important  species  of  softwoods 
and  Jiardwoods  with  the  purpose  of  preparing  breeding  pians 
to  obtain  in  hybrids  superior  combinations  of  traits  such 
as  vigor,  tree  form,  and  resistance  to  pests. 


Methods  for  Control  of  Flowering  and  Fruiting 


1,  Develop  methods  for  inducing  flowering  in  very  young  trees  to 
reduce  the  time  required  for  controlled  breeding  several  genera- 
tions of  trees.  Techniques  such  as  freezing,  top  grafting^  arti- 
ficial illumination^,  ringing,  and  strangulation  may  be  tried. 
Also,  selection  of  early  flowering  strains  may  be  possible, 

2,  Perfect  methods  of  stimulating  flowering  or  fruiting  in  large 
trees,  to  aid  in  controlled  breeding  or  in  mass  production  of 
seed  of  selected  trees  and  strains, 

3,  Develop  methods  of  pruning  and  culture  for  mass  production  of  seed 
in  planted  seed  orchards.   This  might  require  methods  of  crown 
pruning  to  keep  the  trees  small  in  size  but  capable  of  producing 

a  large  number  of  flowers.  Such  techniques  would  be  useful  in 
large-scale  controlled  breeding  or  in  production  of  seed  of 
superior  strain. 
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Develop  methods  for  controlled  mass  pollination  in  production 
of  seed  of  superior  strains.   New  techniques  may  be  needed  in 
seed  orchard  management  to  insure  cross -pollination  of  certain 
strains  to  avoid  possible  undesirable  effects  of  inbreeding. 
Control  of  pollen  production  would  be  an  important  aid  in 
breeding  monoecious  plants  because  it  would  make  emasculation 
unnecessary., 


Methods  of  Vegetative  Propagation 


1.  Develop  methods  of  propagating --by  grafts  or  cuttings--the 
important  tree  species.   This  includes  grafting  material  from 
mature  trees  to  seedling  stocks  and  material  from  seedlings  or 
young  trees  to  branches  of  mature  trees. 

2.  Investigate  stock -scion  relationships  in  forest  trees  to  permit 
use  of  dwarfing  or  stimulating  effects  for  special  purposes  in 
production  of  breeding  stock -^  development  of  seed  orchards,  or 
for  field  plantingo   Field  planting  of  grafted  stock  or  cuttings 
may  be  feasible  with  figured  strains  of  walnut^  pop  tar,  maple, 
and  other  species, 

3.  Determine  to  what  extent  ability  of  cuttings  to  root  is  geneti- 
cally determined.   If  strongly  controlled  in  cer+ain  species, 
rooting  ability  should  be  a  character  to  consider  in  select ionc 

h-o      Perfect  techniques  for  using  vegetatively  propagated  material 
to  estimate  the  genotype  of  selected  phenotypes „ 


Equipment  for  Tree  Improvement  Work 


Iv   Controlled  breeding: 

a.  Perfect  more  efficient  equipment  for  collecting  pollen,, 
extracting  pollen,  bagging  flowers,  pollinating  flowers, 
protecting  cones  from  pests,  and  marking  the  flowers  that 
have  been  pollinated. 

b.  Develop  new  equipment  or  adapt  existing  equipment  for  climb- 
ing mature  trees, 

c.  Develop  methods  and  equipment  for  storing  and  transporting 
pollen  of  all  important  genera. 
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Seed  collection: 

a.  Develop  equipment  for  collecting  cones  from  mature  trees o 

b.  Develop  methods  of  seed  extraction  and  seed  cleaning  suit- 
able for  small  amounts  of  fruit. 
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INTERCEPTION  OF  RAIKFALL  IN  A  YOUNG  LOBLOLLY  PINE  PLANTATION 

Marvin  D.  Hoover 
Piedmont  Research  Center,  Union,  S.  C. 


INTRODUCTION 


Those  who  have  sought  refuge  during  a  storm  have  found  a  tree 
to^be  an  effective  umbrella  for  a  light  shower  but  leaky  in  a  heavy 
rain.   Even  so,  it  is  usually  possible  to  stay  slightly  more  dry  under 
forest  canopy  than  in  the  open.   That  is  because  a  portion  of  the  rain 
is  stored  on  leaves  and  branches  and  eventually  evaporated  back  to  the 
air.  The  term  interception  is  used  for  both  the  process  and  the  amount 
of  water  thus  dissipated.   If  one  watches  the  rain  drops,  he  can  see  how 
the  process  works.   The  first  raindrops  that  strike  the  foliage  spatter 
out,  wetting  the  leaf  surface.   Finally  the  leaves  are  thoroughly  wetted 
and  water  begins  to  drip  off  to  the  ground.   Of  course,  some  raindrops 
find  openings  in  the  tree  crown  and  fall  through  directly  to  the  ground. 
A  part  of  the  rain  falling  onto  leaves  and  twigs  flows  from  them  to 
larger  branches  and  finally  runs  down  the  trunk  to  the  ground.   The  por- 
tion which  is  led  to  the  ground  down  the  stem  is  called  stemflow,  while 
that  falling  directly  to  the  ground  or  dripping  from  twigs  and  leaves 
is  called  throughfall  because  it  passes  through  the  canopy.   The  sum  of 
throughfall  and  stemflow  or  the  total  rain  reaching  the  ground  beneath 
a  plant  canopy  is  net  rainfall. 

Because  there  is  a  difference  in  density  and  arrangement  of  foli- 
age for  different  tree  species,  much  speculation  and  some  measurements 
have  been  used  to  compare  the  net  rainfall  beneath  stands  of  various  tree 
species.!/   In  connection,  with  a  study  of  soil  moisture  on  the  Calhoun 
Experimental  Forest£/  it  was  necessary  to  measure  the  net  rainfall  under 
a  young  loblolly  pine  plantation.   The  results  of  that  study  are  reported 
here. 


1/  For  a  discussion  of  interception  and  literature  references, 
the  reader  is  referred  to:  Kittredge,  J.,  Forest  Influences,  McGraw-Hill 
Book  Co.,  New  York,  19i^8. 

2/  Located  7  miles  southwest  of  Union,  S.  C. 


DESCRIPTION  OF  THE  STAND 


The  trees  were  planted  as  one-year  seedlings  in  February  19J^1. 
The  intended  spacing  between  trees  was  6  feet  each  way  but  the  actual 
spacing  was  about  6.5  feet.   In  the  period  May  I95O  to  March  1951  during 
which  observations  were  made,  the  trees  were  in  their  tenth  growing  sea- 
son after  planting.  There  were  an  average  of  76O  trees  per  acre  with  an 
average  d.b.h.  of  5>3  inches  and  height  of  31  feet.  A  few  trees  were  as 
large  as  7  inches  in  diameter  and  35  feet  in  height.  The  basal  area  per 
acre  was  IO3.3  square  feet.   On  10  sample  trees,  the  average  length  of 
stem  bearing  live  branches  was  I3.6  feet,  which  was  kk   percent  of  total 
height.  Although  the  canopy  was  rather  dense  in  appearance,  the  total 
projected  crown  area  based  on  the  sample  trees  was  25,300  square  feet 
per  acre,  indicating  that  only  58  percent  of  the  ground  surface  in  the 
plantation  was  directly  below  tree  crowns. 


HOW  MEASUREMENTS  WERE  MADE 


Throughfall 

Two  rain  gages  were  used  beneath  the  canopy  to  measure  through- 
fall  and  two  in  nearby  openings  to  determine  rain  in  the  open.  Figure 
1  shows  their  general  location.  The  four  lines  along  which  rain  gages 
under  the  canopy  were  moved  were  laid  off  at  right  angles  to  the  plant- 
ing rows.   On  each  line,  10  stakes  were  set  at  ^-foot  intervals  (fig.  2). 
Rain  gages  were  moved  from  one  stake  position  to  another  after  each  storm 
and  the  cycle  was  repeated  on  a  line  until  four  storms  were  sampled  at 
each  position.  The  rain  gages  were  on  lines  1  and  2  from  May  3  to  August 
23,  1950  and  on  lines  3  and  i^  from  August  2h,    1950  to  March  3O,  1951- 

Statistically,  it  would  have  been  better  to  randomize  the  rain  gage 
positions.  The  systematic  arrangement  used  insured  sampling  a  wide  range 
of  conditions  and  gave  a  good  estimate  of  average  interception  in  the 
plantation  but  may  invalidate  statistical  analyses  based  on  random  dis- 
tribution.  In  spite  of  this  objection,  the  comparisons  between  lines  and 
positions  were  made  by  ordinary  covariance  methods.  There  was  no  advan- 
tage in  the  resampling  of  positions  on  a  line  and  it  would  have  been  bet- 
ter to  occupy  completely  randomized  locations;  truly  random  location  is 
recommended  for  future  studies. 

The  rain  gages  used  are  similar  to  the  conventional  non-recording 
Weather  Bureau  rain  gage  except  that  they  are  only  10  inches  high  and 
the  inner  cylinder  overflows  into  the  large  container  after  O.5  inch  of 
rain. 2/   These  gages  can  be  set  directly  upon  the  ground  without  external 
support,  which  made  it  easy  to  move  them  to  new  locations. 


3/  The  rain  gages  were  designed  by  the  Division  of  Fire  Research, 
Southeastern  Forest  Experiment  Station. 


Figure  1.— Location  of  rain  gages  and  stemflow  trees  in  the  loblolly  pine  plantation. 


Rainfall  in  Open 

As  shown  by  figure  1,  the  open  rain  gages  were  in  clearings  only 
a  short  distance  from  the  plantation.   In  addition,  a  recording  rain 
gage  of  the  regular  precipitation  network  of  the  experimental  forest 
was  also  nearby.  The  record  for  all  gaiges  in  the  open  was  remarkably 
similar,  indicating  that  rainfall  was  \iniform  over  the  observation  area. 


Figure  2. --Measurement  ot  through- 
fall.   NiJmbered  steikes  mark  samp- 
ling positions.  The  undercanopy 
rain  "gages  are  set  directly  upon 
the  ground.  Note  the  upthrust 
branches  of  the  young  loblolly, 
believed  to  cause  the  high  pro- 
portion of  stemflow. 
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Stemflov 

Stemflow  was  measured  on  10  trees.  They  were  chosen  "by  locating. 
a  point  at  random  near  the  locations  on  which  throughfall  was  measured. 
The  nearest  five  trees  to  the  point  were  equipped  for  stemflow  measure- 
ments.  Stemflow  was  diverted  from  the  tree  trunk  by  a  spiral  tin  gutter 
nailed  to  the  tree  and  sealed  by  asphatum  cement.   Bark  was  smoothed  for 
about  2  feet  above  the  gutter.  The  gutters  were  made  narrow  to  minimize 
the  amount  of  rain  falling  directly  into  them.  Water  was  lead  by  a  rub- 
ber hose  to  5-gallon  cans.  From  two  to  five  cans  were  connected  together 
to  provide  the  capacity  needed  for  a  given  tree.  After  each  storm,  the 
cans  were  weighed  to  the  nearest  2  ounce  on  a  small  platform  balance 
(fig.  3).   This  was  convenient  and  furnished  a  high  order  of  accuracy. 
There  was  some  difficulty  in  keeping  hoses  free  from  bark,  pitch  and 
trash,  and  continual  vigilance  was  necessary  to  keep  them  open.   Stem- 
flow  was  measured  between  August  12  and  December  10,  1950,  and  good  re- 
cords were  obtained  for  17  storms  during  that  time. 


"■*ifl"^x>-''fc  ^--^s^.^ar 


Figure  3. — Weighing  the  collection  cans  to  determine  amount  of  stemflow. 


A  comparison  of  stemflow  in  relation  to  rainfall  was  made  for  the 
two  groups  of  five  trees  and  there  was  no  significant  difference  between 
them.  It  was  then  assumed  that  any  other  group  of  five  trees  in  the 
stand  would  give  similar  results^  and  measurements  for  the  10  trees  were 
combined  to  give  total  stemflow  in  pounds  per  storm.  The  total  stemflow 
for  these  trees  in  pounds  was  multiplied  by  76  (there  were  7^0  trees  per 
acre)  and  was  converted  to  inches  depth  to  express  it  in  the  same  unit 
as  rainfall  is  measured. 


RESULTS 


Both  throughfall  and  stemflow  were  found  to  be  linear  functions 
of  the  amount  of  rain  per  storm  (fig.  ^).   Throughfall  did  not  occur 
when  rainfall  was  0.02  inch  or  less.  The  equation  for  throughfall  is: 

Throughfall  =   .732 (Rain  in  open)  -.OI6     1. 


Stemflow  was  insignificant  for  storms  less  than  0.10  inch.  For 
these  small  storms,  net  rainfall  can  be  obtained  from  the  throughfall 
equation.  The  equation  for  stemflow  is: 

Stemflow  =   .222(Rain  in  open)  -.OI8        2. 


The  total  rainfall  reaching  the  ground  under  the  trees  for  storms 
0.10  inch  and  larger  can  be  obtained  by  solving  both  equations  1  and  2 
and  adding  the  results.   However,  it  is  more  convenient  to  estimate  net 
rainfall  by  the  equation  for  net  rainfall  given  below.  This  equation 
applies  only  to  storms  of  0.10  inch  or  larger. 

Net  rainfall  =  .95i4-(Rain  in  open)  -.0314-   3. 


The  error  of  estimate  for  the  throughfall  equation  is  0.11  inch 
for  an  individual  position  within  the  stand  with  a  mean  storm  size  of 
0.45  inch.  The  correlation  coefficient  is  O.92.  The  standard  error  for 
stemflow  is  .008  inch  for  a  mean  storm  size  of  O.8O  inch.   The  correlation 
coefficient  for  stemflow  is  0.99- 

The  relationship  of  throughfall  to  rain  in  the  open  was  similar 
on  each  of  the  four  under-canopy  rain  gage  lines,  and  regressions  for 
each  line  were  not  significantly  different.   This  indicates  that  through- 
fall  is  essentially  similar  throughout  the  plantation.  A  test  was  made 
for  differences  associated  with  season  or  time  by  computing  regressions 
for  individual  cycles  on  the  lines.  Difference  in  cycles  was  not  signi- 
ficant and  it  may  be  inferred  that  throughfall  is  not  influenced  by  sea- 
son. Measurements  were  classified  into  the  following  storm-size  classes; 
.01-. 10,  .11-30,  .31-. 57,  .57-1.00,  and  above  1.00  inch.   Regressions  for 
these  individual  groups  did  not  differ  significantly. 


RAINFALL    IN    OPEN   {INCHES) 


Figure  It. --Total  net  rainfall,  throughfall  and  stemflow  as  compared  with  rain  in  open.  Loblolly 
pine  10  years  after  planting. 


These  comparisons  indicate  that  throughfall  can  be  estimated 
with  confidence  from  rain  in  the  open  without  additional  refinement. 

An  effort  was  made  to  relate  stemflow  to  tree  characteristics. 
There  was  a  tendency  for  stemflow  to  he  larger  for  trees  taller  than 
their  neighbors  or  with  more  live  branches  in  the  crown.   However,  there 
was  so  little  difference  in  the  appearance  of  individual  trees  that 
classification  appeared  to  serve  no  practical  purpose. 

Interception  has  been  frequently  expressed  as  a  percentage  of 
total  rainfall.   To  facilitate  comparison  with  such  information,  figures 
5  and  6  were  prepared  to  show  the  percentage  of  canopy  interception, 
stemflow,  and  their  sum  in  relation  to  storm  size. 

Actually  the  amount  intercepted  from  light  showers  is  of  little 
significance  because  even  if  it  did  reach  the  ground  it  would  have 
neglible  effect  on  soil  moisture.   In  fact,  during  the  growing  season, 
a  few  hundredths  of  an  inch  on  the  foliage  is  more  helpful  to  the  trees 
than  the  same  amount  applied  to  the  soil.  Wetting  the  leaves  serves  to 
reduce  transpiration  rates,  and  during  periods  of  soil  moisture  stress 
this  may  be  of  considerable  benefit. 

For  periods  of  time  such  as  months,  seasons,  or  years  the  amount 
and  percentage  of  rainfall  that  reaches  the  ground  can  be  expected  to 
show  considerable  variation.   Less  rainfall  will  reach  the  ground  in  a 
period  when  storms  are  small  as  compared  with  similar  time  intervals 
with  the  same  total  rainfall  but  received  in  larger  storms.  For  example, 
in  a  single  storm  of  1.00  inch  in  the  open,  0.92  will  reach  the  ground 
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Figure  5.--Throughfall  and  stemflow  as  a  percentage  of  rain  in  the  open. 
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Figure  6. --Net  interception  as  a  percentage  of  rainfall  in  the  open. 


below  the  trees,  but  when  five  storms  of  0.20  inch  occur  the  total  net 
rain  under  the  tree  crown  is  only  O.78  inch.   Table  1  gives  the  estim- 
ated net  rainfall  under  the  loblolly  plantation  for  two  years  differing 
considerably  in  total  rainfall.  Although  shown  as  monthly  totals,  net 
rainfall  was  actually  estimated  for  each  storm. 


Table   1. — Estimated  net  rainfall  under  lO-year-old  loblolly  pine,    with 
rainfall  as   received   in  191+8-119  and  19^9-50  at  Union,   S.C. 


I9I+8-I+9 

19^9- 

■50 

Period 

Rainfall 

Reaching  ground 
under  trees 

Rainfall 

Reaching  ground 

In  open 

Under  trees 

In  open 

Under  trees 

under  trees 

Inches 

1.5i+ 

10.09 

l+.i+2 

Inches 

1.21 
9.11 
3.88 

Percent 

79 
90 
88 

Inches 

Inches 

1.93 

1.39 
1.85 

Percent 

October 

November 

December 

2.32 
1.61 
2.30 

83 
86 
80 

Fall  total 

January 

February 

March 

16.05 

1+.1+3 
5.58 
1.89 

II+.20 

3.96 
I+.98 
1.53 

88 

90 
89 

81 

6.23 

2.51 
1.50 
3.96 

5.17 

2.08 
1.19 
3.35 

83 

83 
79 

85 

Winter  total 

April 

May 

June 

11.90 

5.58 
3.01 
2.15 

10.1+7 

1+.76 
2.57 
1.84 

88 

85 
86 
86 

7.97 

1.1+9 
1^.15 
2.82 

6.62 

1.28 
3.66 
2.28 

83 

86 
88 

81 

Spring  total 

July 

August 

September 

lO.Tij- 

3.^+7 
12.67 

2.1+3 

9.17 

2.89 
11.68 

2.01 

85 

83 
92 
83 

8.1+6 

3.^9 
3.10 
3.07 

7.22 

2.86 
2.69 
2.71 

85 

82 

87 
88 

Summer  total 

18.57 

16.58 

89 

9.66 

8.26 

85 

Annual  total 

57.26 

50.1+2 

88 

32.32 

27.27 

81+ 

10 


While  net  rainfall  per  month  is  only  80  to  90  percent  of  rain  in 
the  open,  it  is  believed  the  redistribution  of  rainfall  as  a  result  of 
stemflow  is  of  more  importance.  Each  of  the  young  pines  is  a  rainfall 
concentrator  receiving  rain  over  its  crown  spread  and  funneling  a  large 
part  of  it  down  the  trunJi  to  the  ground.  A  large  volume  of  water  is 
thus  accumulated  and  applied  to  a  narrow  band  around  the  trunk.   In  this 
plantation,  for  example,  during  a  1-inch  rain  the  average  tree  leads  an 
average  of  8  gallons  to  the  ground  down  the  stem.  To  illustrate  the 
amount  of  stemflow,  table  2  gives  the  estimated  stemflow  as  inches  per 
acre  and  as  gallons  per  tree  by  months  for  the  years  19^-^9  and  19^9-50 < 


Table  2. --Estimated  stemflow  per  acre   and  per  tree,   with  rainfall  as   received  In 
1914.8-1*9  and  191+9-50  for  10-year-old   loblolly  pine  plantation 


LOd 

191*8-1+9 

19I+9-5O 

Per: 

Rain 
In  open 

Stemflow 

Rain 
in  open 

Stemflow 

Per  acre 

Per  tree 

Per  acre 

Per  tree 

Incl 

les 

Inches 

Gallons 

Inches 

Inches 

Gallons 

October 

1 

.^^ 

.23 

8 

2 

.32 

.36 

13 

November 

10 

.09 

1.91+ 

69 

1 

.61 

.27 

10 

December 

)tal 

1* 

.1+2 

.81 

29 

2 

.30 

.31 

11 

Fall  tc 

16 

.05 

2.98 

106 

6 

.23 

.9^^ 

31+ 

January 

k 

M 

.82 

29 

2 

.51 

.38 

11+ 

February 

5 

.58 

1.01+ 

37 

1 

.50 

.19 

7 

March 

total 

1 

.89 

.26 

9 

3 

96 

.60 

21 

Winter 

11 

.90 

2.12 

75 

7 

97 

1.17 

1+2 

April 

5 

.58 

.97 

35 

1 

M 

.26 

9 

May 

3 

.01 

.1+6 

16 

1+ 

15 

.75 

27 

June 

total 

2 

.15 

.38 

11+ 

2 

.82 

.1+1 

15 

Spring 

10 

•  Ih 

1.81 

65 

8 

1+6 

1.1+2 

51 

July 

3M 

.36 

13 

3 

1^9 

M 

18 

August 

12 

.67 

2.56 

91 

3 

10 

.Ih 

26 

Septembei 

total 

2 

M 

.36 

13 

3 

07 

.53 

19 

Summer 

18 

.57 

3.28 

117 

9 

66 

1.76 

63 

Annual 

total 

57 

.26 

10.19 

363 

32 

32 

5.29 

190 

11 


The  volume  of  stemflow  is  of  benefit  to  the  tree  because  it  is 
added  to  the  soil  where  it  is  readily  available  to  roots.  Moreover,  it 
is  frequently  of  sufficient  quantity  to  cause  accretion  of  moisture  to 
considerable  depth  in  the  soil.   The  area  at  the  tree  base  often  re- 
ceives a  thorough  soaking  when  the  space  between  the  trees  is  only 
dampened.  As  a  result,  moisture  recharge  may  take  place  to  consider- 
able depth  near  the  trees  when  only  the  surface  horizon  in  the  inter- 
spaces receives  moisture.  Neglect  of  this  unequal  application  of  water 
would  cause  an  underestimate  of  the  water  available  to  the  trees  and  of 
the  moisture  added  to  subsoil  horizons.  • 

Stemflow  water  is  added  to  the  ground  where  conditions  are  favor- 
able for  it  to  be  rapidly  absorbed.  Around  the  base  of  pines  there  is 
normally  an  accumulation  of  needles,  bark  and  other  debris  (fig.  7)  which 
provides  a  favorable  condition  for  water  entry.  Deep  penetration  of  water 
is  also  facilitated  by  the  passageways  made  by  roots  and  associated  organ- 
isms. As  planted  trees  develop  on  old  fields,  conditions  causing  rapid 
infiltration  of  water  are  created  first  near  the  base  of  trees.  Thus  the 
concentration  of  a  sizeable  portion  of  rainfall  in  that  zone  by  stemflow 
aids  in  bringing  about  a  reduction  in  surface  runoff  at  an  earlier  stage 
of  plantation  development  than  would  be  the  case  if  rain  reached  the 
groujid  more  evenly  distributed.   If  forest  fires  remove  the  debris  around 
the  tree  bases,  an  unfavorable  condition  is  created  for  water  entry. 
Examination  of  the  area  around  the  stems  after  a  fire  frequently  shows 
a  ring  of  bare,  crusted  soil  washed  clean  of  charcoal  by  stemflow  water 
(fig.  8). 
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Figure  7- --The  accumulation  of  needles,  bark,  and  debris  at  the  base  of  trees  creates  favorable 
conditions  for  the  rapid  infiltration  of  water  flowing  down  tree  trunks. 
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Figure  8. — Fire  removes  the  protective  litter  from  the  ground  at  the  base  of  trees.  Stemflow 
water  then  frequently  becomes  surface  runoff  as  shown  above,  where  the  soil  in  a 
ring  around  the  trees  has  been  washed  free  of  charcoal  and  is  packed  and  bare. 


The  quantity  of  stemflow  reported  here  for  young  loblolly  is  at 
the  upper  range  of  stemflow  values  reported  in  the  literature  for  various 
species.   The  crown  form  is  the  test  explanation  for  the  large  volume  of 
stemflow.   Young  loblolly  pines  have  sharply  uptnrust  branches  terminated 
by  a  cluster  of  long  needles.   This  arrangement  forms  an  efficient  system 
for  leading  water  to  the  trunk.  The  same  branch  arrangement  and  even 
longer  needles  characterize  young  slash  and  longleaf  pines.  Therefore, 
it  is  expected  that  stemflow  for  those  species  is  very  likely  comparable 
to  loblolly  pine.   No  information  is  available  to  estimate  stemflow  for 
older  loblolly  pine. 


CONCLUSIONS 


The  reduction  in  net  rainfall  due  to  interception  in  a  planta- 
tion of  10-year-old  loblolly  pine  is  less  than  was  expected.   On  an 
annual  basis,  net  rainfall  will  average  about  86  percent  of  rain  in  the 
open.  Only  a  small  part  of  heavy  rains  is  intercepted.  Reduction  in 
surface  runoff  caused  by  the  development  of  loblolly  pine  on  old  fields 
is  not  due  to  Interception  but  to  improved  conditions  for  intake  of 
water  into  the  soil.  A  sizeable  proportion  of  rainfall  does  reach  the 
soil  as  stemflow  and  this  aids  in  reducing  runoff  by  concentrating  water 
where  conditions  are  ideal  for  water  entry.  Stemflow  also  makes  more 
water  available  to  the  trees  than  would  be  the  case  if  rainfall  reached 
the  soil  with  uniform  distribution. 
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It  is  not  known  whether  this  high  proportion  of  stemflow  is  main- 
tained as  loblolly  increases  in  height  and  age.   In  any  studies  of  net 
rainfall  under  stands  of  the  Southern  pines,  stemflow  is  a  factor  which 
must  be  considered. 


SUMMARY 


In  a  10-year-old  planting  of  loblolly  pine  near  Union,  S.  C,  the 
amount  of  rainfall  reaching  the  ground  by  passing  through  the  tree  crowns 
and  as  flow  down  the  tree  trunks  was  measured.  Regression  equations  for 
estimating  the  net  rainfall,  throughfall,  and  stemflow  on  the  basis  of 
rainfall  in  the  open  were  determined.   Net  rainfall  under  the  trees  was 
found  to  average  about  86  percent  of  rain  in  the  open.   A  considerable 
proportion  of  rainfall  reaches  the  ground  as  flow  down  the  stems.  The 
redistribution  of  rainfall  due  to  this  concentration  of  rain  water  at 
the  base  of  trees  is  believed  to  be  significant  to  tree  growth  and  soil 
moisture.   No  seasonal  differences  In  the  proportion  of  net  rainfall 
were  found.  Results  apply  only  to  precipitation  occurring  as  rain. 


Agriculture — Asheville 


I 


\ 


LTION  PAPER    NO.  22 


^ 


y^ 


%i 


jOLTHKAL   REFFK.S1CE    DEPARTi^iii^ivif 
QLBMjiOis  QQLLmB  LxodA^l 


SOUTHEASTERN  FOREST 

EXPERIMENT  STATION 

Asheville,  North  Carolina 

L .  J^.  JDemmon, 
Julrector 


U.S.  Department  of  Agriculture  -  Forest  Service 


J 


II 


CONTENTS 

Page 

Introduction  ill 

Forest  Management , 1 

Regeneration  1 

Loblolly  pine 1 

Re-establishment  of  loblolly  and  slash  pine  3 

Reforestation  of  south  Florida  slash  pine  sites  ...  k 

Sand  pine  regeneration k 

Thinning   k 

More  man-hours  required  to  harvest  small  trees   ...  k 

Early  competition  in  slash  pine  plantations  5 

Stand  improvement 5 

Growth  eind  mortality 6 

Effect  of  cutting  methods  on  hardwood  growth  ....  6 

Response  of  residual  saplings  to  complete  release  .  .  6 

Effect  of  winter  burning  on  slash  pine  growth  ....  6 

Effect  of  fusiform  caxikers 7 

Financial  aspects  7 

Rules -of -thiomb  for  volume  and  value  in  pulpwood 

trees 7 

Comparative  stumpage  prices  7 

Timber  cutting  and  skidding  costs  in  Southern 

Appalachians.  , 9 

Managing  farm  woodlands  9 

Forest  genetics  9 

Naval  stores 11 

Techniques  of  turpentining  11 

Gum  flow , 12 

Naval  stores  equipment 12 

Compartment  management   12 

Pilot-plant  management ,.  12 

Forest  Economics 13 

Timber  inventory  of  Georgia  79  percent  complete  ...  13 

Survey  reveals  improved  pine  timber  supply  in 

southeast  Georgia  13 

Techniques  improved  for  predicting  growth  l4 

Rate  of  timber  use  and  replacement  high ik 

Progress  made  in  resurvey  of  North  Carolina  15 

Report  on  1951  production  of  pulpwood  aids  in- 
dustry    15 

Sawmill  waste  a  potential  source  of  pulpwood  ....  15 


-1- 


Watershed  Management  , 

Protecting  watershed  values  by  good  forest  road 

construction  , 

Effect  of  land  use  and  forest  management  practices 

on  trout  streams   , 

Basic  hydrologic  research  , 

Practical  value  of  watershed  research  , 

Plans  for  1953 ■ 

Forest  soil-water  relations  in  the  Piedmont   

Fire  Research , 

Cumulative  danger  index -  .  , 

Fire  danger  stations   

Atmospheric  stability  and  "blow-up"  fires  .  .  .  .  , 

Forest  Utilization  Service  . 

Grazing  Forest  Lands  

Cane  range   

Wiregrass  range  

Forest  Pathology  

Littleleaf  disease  of  pine   

Oak  wilt   

Miscellaneous  pathology  developments   

Blister  Rust  Control  

Forest  Insect  Conditions  in  the  Southeast  During  1952   .  . 

Southern  pine  beetle   

Black  turpentine  beetle  

Ips  beetle  

The  pine  needle  aphid  

Nantucket  pine  moth  

Looperfa  

Miscellaneous  forest  insects   

Personnel  

Bibliography  for  the  year  1952  


Page 
16 
16 

17 
18 
18 
18 

19 

22 
22 
2k 
26 

27 

29 
29 
30 

32 
32 
32 
32 

3h 

35 
35 
35 
36 
36 
37 
37 
37 

39 


! 


-ii- 


INTRODUCTION 


The  national  obligation  for  defense  and  foreign  aid  brings  a  pinch 
on  normal  services  of  the  federal  government,  including  forest  research. 
Inflation  not  compensated  by  appropriations  has  meant  a  steady  decline  for 
several  years  in  the  Station's  research  efforts.   While  appropriations 
have  remained  about  the  same,  the  value  of  the  research  dollar  has  shrunk 
greatly.  This  has  been  offset  only  in  part  by  an  increase  in  cooperative 
research  funds. 

Pressing  from  the  other  direction  is  an  increasing  need  for  more  re- 
search to  guide  the  rapid  expansion  of  the  South 's  tremendous  forest  enter- 
prise. More  accurate  information  on  the  location  and  extent  of  timber  sup- 
plies is  in  great  demand.  The  increase  in  intensive  forest  management 
practices  in  the  Southeast  is  crowding  the  rate  at  which  such  practices  can 
be  assisted  by  research.   Information  is  needed  now  on  forest  genetics,  on 
forest  regeneration  of  dry  sandy  areas,  on  reclamation  and  management  of 
poorly  drained  areas,  and  on  utilization  of  less  valuable  and  little -used 
species — problems  that  have  been  largely  passed  over  in  earlier  research 
because  of  lack  of  "consumer"  interest.   There  is  no  lack  of  such  interest 
now. 

The  shrinkage  of  the  research  dollar  in  the  face  of  increasing  needs 
for  information  demands  a  solution.   It  lies  in  the  joint  effort  of  all 
forestry  groups  in  the  region  working  together  to  meet  the  research  needs. 
Research  by  States,  industries,  and  forestry  schools  got  a  late  start  in 
the  Southeast,  but  is  coming  along  rapidly.   It  is  now  a  major  part  of  the 
whole  research  pattern. 

In  view  of  these  trends  the  Station  has  increased  its  efforts  to 
coordinate  its  program  with  that  of  other  groups.   It  has  enlisted  the  help 
of  others  where  such  help  is  available,  as  attested  by  this  report.   It  has 
initiated  grants-in-aid  to  others  in  the  research  field  who  are  better  equip- 
ped to  solve  particular  problems.   It  has  made  increasing  use  of  local  advi- 
sory committees  to  assure  that  its  studies  are  best  geared  to  the  needs  of 
the  local  people  and  to  the  programs  of  cooperating  agencies. 

The  Station  will  continue  to  foster  this  cooperative  approach  toward 
common  problems.   It  will  continue  to  concentrate  on  certain  long-range, 
fundamental,  or  regional  jobs  which  are  by  nature  a  federal  responsibility. 
It  will  also  work  side  by  side  with  all  those  in  the  Southeast  who  can  help 
in  developing  the  "know-how"  to  best  promote  the  future  progress  of  the  for- 
est economy  of  this  region. 


-Ill- 


FOREST  MANAGEI^NT 


Forest  management  research  in  the  Southeast  is  confronted  with 
many  challenging  problems  in  the  growth  and  harvesting  of  timber  crops. 
Increasing  population  pressure  and  maintenance  of  a  multi -billion  dollar 
forest  industry  require  that  idle  lands  be  reforested,  partially  stocked 
woodlands  raised  to  full  productivity,  and  well  stocked  stands  perpetu- 
ated.  These  problems  are  being  attacked  by  the  Station  in  cooperation 
with  the  states,  with  industry,  and  others,  at  several  Research  Centers 
located  in  each  of  the  major  forest  areas  of  the  Southeast.   The  needed 
information  is  obtained  in  intensive  project  studies,  through  trials  of 
different  management  systems  on  3O-  to  100-acre  compartments  on  experi- 
mental forests,  and  by  pilot-plant  operations  on  a  larger  scale. 


REGENERATION 

Starting  a  new  forest  crop  is  probably  the  most  important  forest 
management  activity.   Failure  to  promptly  secure  a  well  stocked,  evenly 
distributed  stand  of  the  best  species  for  a  particular  site  penalizes 
the  landowner  throughout  the  next  rotation  by  loss  of  potential  volume 
growth.   Furthermore,  any  subsequent  effort  he  makes  to  bring  the  stand 
up  to  full  productivity  requires  an  additional  outlay  of  labor  and  money. 
Consequently,  the  Station  has  devoted  as  much  attention  to  solution  of 
the  regeneration  problem  as  to  any  phase  of  forest  management .   Some  of 
these  experiments  have  begun  to  pay  handsome  dividends. 

Loblolly  Pine 

Considerable  Information  was  obtained  prior  to  1952  about  seed 
production,  seed  dispersal,  seedbed  requirements,  and  hardwood  control 
problems  involved  in  the  regeneration  of  loblolly  pine.  For  example, 
good  seed  crops  occur  at  irregular  intervals  of  from  1  to  5  years.  The 
expected  size  of  the  next  seed  crop  can  be  predicted  a  year  in  advance 
of  seedfall  by  determining  the  ratio  between  immature  conelets  and  mature 
cones  of  the  last  crop.   Second-growth  loblolly  pines  in  pulpwood-age 
stands,  usually  too  immature  to  be  considered  for  seed  production,  can  be 
stimulated  to  produce  large  seed  crops  by  completely  releasing  each  chosen 
seed  tree  from  competition  by  its  neighbors.  This  should  be  done  3  years 
in  advance  of  the  final  harvest  date.   In  mature  stands,  the  possibilities 
for  abundant  seedfall  in  the  first  season  following  harvest  can  be  in- 
creased by  careful  selection  of  the  trees  to  be  left.   Trees  12  inches  in 
diameter  or  larger  with  a  large  number  of  old  cones  in  sight  have  been 
found  to  be  most  prolific.   During  poor  seed  years  the  possibility  of  ob- 
taining an  adequate  stand  of  reproduction  can  be  greatly  enhanced  by  a 
type  of  seedbed  preparation  that  will  expose  mineral  soil.   Both  pre- 
scribed burning  and  mechanical  scarification  with  disks  or  bulldozers  are 
satisfactory.   These  treatments  also  reduce  hardwood  competition,  a  major 
problem  in  itself  on  moist,  fertile  sites.   Much  of  the  research  in  hard- 
wood control  has  been  with  chemical  silvicides,  the  most  promising  being 
2,U-D,  aimnonium  sulfamate  ("Ammate"),  and  2,i|,5-T.   The  extent  of  public 
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interest  in  silvicides  is  indicated  by  requests  for  more  than  7,000  copies 
of  Station  Paper  No.  10,  "The  Use  of  Chemicals  to  Control  Inferior  Trees 
in  the  Management  of  Loblolly  Pine,"  issued  in  September  1951. 

During  1952  much  additional  knowledge  has  been  obtained  from  cur- 
rent studies;  some  of  the  more  important  findings  are  listed  here. 

Intensive  tests  of  seed-tree  stimulation  by  application  of  commer- 
cial fertilizer  to  the  soil  around  each  tree  revealed  a  significant  in- 
crease in  cone  production  of  25-year-old  trees.   However,  i;0-year-old 
trees  failed  to  respond  satisfactorily,  perhaps  because  of  insufficient 
treatment  or  prior  release.   Although  fertilizer  treatments  are  too  ex- 
pensive for  use  in  seed-tree  cuttings,  they  could  be  a  profitable  aid  in 
seed  orchard  culture. 

In  southeastern  Virginia,  results  of  earlier  research  in  loblolly 
pine  seed  and  seedbed  requirements  received  practical  application  on  pri- 
vate land  some  distance  from  the  Bigwoods  Experimental  Forest.   The  pulp- 
wood-size  timber  on  this  tract  was  removed  in  a  partial  cut,  the  intent 
being  to  remove  the  larger  trees  later  if  sufficient  reproduction  was  ob- 
tained.  Most  of  the  ground  not  scarified  during  log  skidding  was  disked 
so  that  6k   percent  of  the  seedbed  was  disturbed  soil,  I6  percent  was 
covered  with  slash  concentrations,  and  20  percent  remained  untouched. 
Seed  production  by  the  residual  stand  was  measured  with  seed  traps  scat- 
tered about  the  tract.   The  statistics  on  seedbed  condition  and  seed  sup- 
ply were  then  converted  to  the  expected  number  of  seedlings  and  percent 
stocking  by  use  of  information  in  Station  Paper  No.  8,  "Seed  and  Seedbed 
Requirements  to  Regenerate  Loblolly  Pine."  The  final  stand  of  seedlings 
was  well  within  the  predicted  range.   Thus  forest  industry  is  armed  with 
one  more  tool  for  intensive  management. 

Seed  crop  forecasting  also  received  commercial  application  in  the 
Coastal  Plain  of  Virginia  and  North  Carolina.  A  bumper  crop  is  forecast 
for  1953,  although  indications  are  that  it  will  be  larger  near  the  coast 
than  inland. 

Because  of  the  build-up  of  hardwood  competition  after  seed-tree  or 
strip  clear  cutting  in  loblolly  pine,  prompt  establishment  of  reproduc- 
tion has  been  recognized  as  an  obvious  requirement  for  success.   Now  it 
has  been  found  that  in  addition  to  hardwood  encroachment,  delayed  seed- 
ing of  pines  may  also  be  responsible  for  stocking  failures.   An  analysis 
of  thirteen  40-acre  managed  compartments,  cut  during  the  years  19^6 
through  1950,  disclosed  that  favorable  seedbed  conditions  for  loblolly 
pine  disappear  within  3  years  after  logging.   Therefore  a  planned  regener- 
ation schedule  should  be  a  part  of  any  harvest  cutting  program.   Partial 
cuts  should  be  scheduled  for  the  years  when  seed  crops  are  poor  and  cut- 
ting for  regeneration  concentrated  in  good  seed  years. 

Sometimes,  wet  weather  in  late  summer  and  early  fall  delays  pre- 
scribed burning  for  seedbed  preparation  and  hardwood  control.   However, 
winter  fires  in  loblolly  pine  stands  consume  most  of  the  seed  that  may 
be  on  the  ground.   Furthermore,  few  seeds  are  disseminated  after  February  1 
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from  cones  still  on  the  trees,  so  restocking  of  winter  burns  probably 
will  be  delayed  an  additional  year. 

How  and  when  to  remove  seed  trees  so  as  to  minimize  damage  to  re- 
production received  attention  in  eastern  North  Carolina.   The  tract  con- 
tained an  average  of  six  good-sized  seed  trees  per  acre  which  were  re- 
moved in  the  fall  after  their  seeds  had  been  disseminated.  By  locating 
landings  in  advance,  encouraging  cutters  to  fell  trees  directly  toward 
or  away  from  these  spots,  and  skidding  in  tree  lengths,  damage  to  repro- 
duction was  confined  to  l6  percent  of  the  area,  of  which  only  one-half 
was  damaged  severely.   New  seedlings  from  the  last  seed  crop  may  later 
germinate  in  the  skid  roads,  but  planting  is  needed  on  loading  areas 
where  damage  was  complete. 

As  seedling  behavior  partially  determines  the  adaptability  of  a 
species  to  a  site,  information  has  been  secured  about  the  growth  of  1- 
year-old  sweetgum  and  loblolly  pine  seedlings  in  soils  of  three  differ- 
ent textures  and  under  three  levels  of  moisture  supply.   Although  the 
sweetgum  seedlings  produced  more  dry  matter  and  developed  larger  root 
systems,  the  growth  in  length  of  leaders  and  branches  was  less  than  that 
of  the  pines  iinder  all  conditions  of  the  experiment.   However,  field  re- 
sults might  differ  somewhat  from  those  obtained  in  this  greenhouse  test. 

Re-establishment  of  Loblolly  and  Slash  Pine 

The  common  practice  of  clear  cutting  frequently  results  in  ob- 
taining scrub  hardwoods  instead  of  a  new  crop  of  pines.  Understory 
hardwoods,  ever  present  in  the  merchantable  stands  of  the  Georgia  Pied- 
mont, soon  close  the  canopy  and  preclude  the  successful  establishment 
of  pines.  Fifteen  percent  of  the  pine  uplands  of  this  region,  estimated 
to  aggregate  two  million  acres  in  area,  already  have  reverted  to  brush 
and  low  value  hardwoods.   Planting  will  have  to  be  resorted  to  if  we 
want  to  grow  another  crop  of  pine  on  these  acres.   Even  so,  establish- 
ment of  planted  pines  in  recently  cut-over  woods,  in  competition  with 
understory  hardwoods,  will  never  be  as  successful  as  old  field  planting. 
Some  form  of  pretreatlng  the  planting  site  may  be  necessary.   Such  a  test 
has  been  made  near  Athens,  Georgia,  in  cooperation  with  the  School  of 
Forestry,  University  of  Georgia. 

Loblolly  and  slash  pines  were  planted  immediately  after  logging 
on  plots  that  received  various  treatments  for  hardwoods  control.   Mere 
cutting  of  understory  hardwoods  was  of  no  benefit.   Cutting  all  hardwoods 
over  2  inches  in  diameter  and  broadcast  burning,  or  grubbing  out  the  hard- 
wood root  stocks,  provided  25  to  30  percent  more  free-growing  seedlings 
than  no  treatment.  For  all  treatments,  loblolly  pine  displayed  consider- 
ably better  survival,  greater  height  growth,  and  more  free-growing  seed- 
lings than  slash  pine.   The  recommended  commercial  practice  on  similar 
sites  would  be  chopping  the  brush  with  a  tractor-drawn  Marden  brush  cut- 
ter or  broadcast  burning.  Hardwoods  above  h   Inches  in  diameter  could  be 
poisoned  with  Ammate  or  2,4, 5 -T. 


Reforestation  of  South  Florida  Slash  Pine  Sites 

South  Florida  slash  pine  (Plnus  elllottll,  var.  densa) ,  a  distinct 
■botanical  variety  of  native  American  slash  pine,  occurs  on  an  area  of 
approximately  1,750,000  acres  in  the  southernmost  portion  of  Florida. 
About  one  million  acres  of  the  type  is  denuded  and  cannot  be  reforested 
naturally  for  lack  of  an  adequate  seed  source.  Another  half  million  acres 
is  understocked. 

This  problem  is  the  subject  of  cooperative  research  by  the  Collier 
Company,  Atlantic  Land  and  Improvement  Company,  Florida  Forest  Service, 
Hendry  County,  and  the  Southeastern  Station.  The  project  is  still  too 
new  to  permit  any  recommendations  for  reforestation,  but  it  is  known  that 
planted  seedlings  succumb  readily  to  extreme  variations  of  flood  and 
drought,  while  cotton  rats  have  consumed  much  of  the  seed  sown  in  direct- 
seeding  trials. 

Sand  Pine  Regeneration 

Sustained  yield  management  of  a  210,000-acre  stand  of  sand  pine  on 
the  Ocala  National  Forest,  having  a  potential  annual  harvest  of  35 > 000 
cords,  hinges  upon  discovery  of  some  harvest -cutting  technique  or  treat- 
ment that  will  result  in  regeneration  of  the  stand.   In  nature,  the  per- 
sistent cones  on  living  trees  open  when  wildfires  of  killing  intensity 
sweep  through  the  forest.   If  temperature  and  moisture  conditions  are 
favorable,  a  new  generation  is  born.  But  foresters  have  not  yet  developed 
an  artificial  means  of  obtaining  the  same  result.  So  far,  seedbed  pre- 
paration with  a  Marden  brush  cutter  or  heavy  duty  disk,  in  conjunction 
with  lopping  and  scattering,  results  in  the  most  seedlings  if  treatment  is 
applied  In  late  summer  or  fall  about  ^4-  to  6  weeks  after  harvest  cutting. 
Seeds  released  at  other  seasons  either  are  consimied  by  ants,  rodents  and 
birds,  or  germinate  and  fall  to  survive  the  hot  summer  months. 


THINNING 

More  Man-hours  Required  to  Harvest  Small  Trees 

Silvicultural  treatments  sometimes  need  to  be  modified  to  meet 
economic  requirements.  For  example,  thinnings  should  provide  an  economi- 
cally operable  cut.   A  better  understanding  of  cost  factors  in  harvesting 
pulpwood  from  thinnings  has  been  obtained  on  the  Hltchiti  Experimental 
Forest  in  a  study  of  the  relationship  between  tree  size  and  production 
rate  on  a  chain-saw  operation.   Cutting  a  cord  of  wood  from  5 -inch  trees 
takes  twice  as  long  as  from  9-iD.ch  trees.  The  actual  man-hours  per  cord 
required  to  fell,  limb,  and  buck  average  trees  of  varying  diameter  are 
shown  in  table  1. 

These  figures  represent  60  percent  of  the  total  time  Involved. 
The  remaining  ^+0  percent  was  constant  regardless  of  tree  size  and  was 
subdivided  as  follows:   20  percent  for  walking  between  trees  and  oc- 
casional swamping,  17  percent  for  on-the-job  equipment  delays,  and  3  per- 
cent for  hang-ups. 


J 
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Table  1. --Man-hours  per  cord  to  fell,  limb,  and  buck  pine  pulpvood 


D.b.h. 

(inches)     : 

Felling 

Limbing  and  bucking 

Total 

Man-hours 

Man-hours 

Man-hours 

5 

0.65 

0.93 

1.58 

6 

.kk 

.78 

1.22 

7 

•33 

.67 

1.00 

8 

.28 

.57 

.85 

9 

.2k 

.52 

•  76 

10 

.22 

.^7 

.69 

11 

.20 

.kk 

.6k 

12 

.19 

.hi 

.60 

Early  Competition  In  Slash  Pine 

Plantations 

A  study  of  slash  pine  seedlings  planted  on  6  x  6-foot  -and  12  x  12- 
foot  spacings  revealed  significant  difference  in  diameter  growth  due  to 
competition  but  no  marked  difference  in  height  growth.   Competition  in 
the  6  X  6-foot  planting  began  as  early  as  the  third  year  after  planting. 
At  the  end  of  7  years  slash  pines  in  the  12  x  12-foot  plantation  averaged 
about  1  inch  larger  in  diameter  than  those  more  closely  spaced.  The  6  x 
6-foot  spacing  produced  a  greater  total  basal  area,  and  also  resulted  in 
better  natural  pruning.  Spacings  as  wide  as  12  x  12  feet  are  not  recom- 
mended generally.   Nevertheless,  plantation  managers  should  be  aware  that 
competition  can  occur  at  a  rather  early  age  in  close  spacings  of  slash 
pine  and  that  the  maximimi  diameter  growth  of  potential  crop  trees  is  not 
realized  at  these  close  spacings.   Also,  consideration  must  be  given  to 
costs  of  harvesting  close-spaced  trees  unless  provision  is  made  for  roads. 


STAND  IMPROVEMENT 

In  bygone  days  lumber  prices  were  so  low  and  utilization  practices 
so  primitive  that  markets  could  be  found  for  only  the  best  quality  yellow- 
poplar,  pine,  and  white  oak.   As  prices  rose  and  utilization  Improved, 
successive  waves  of  loggers  returned  to  high  grade  the  forests.  But  al- 
ways poorly  formed  or  defective  trees  and  those  of  inferior  species  were 
left  behind.   Thus  by  default  millions  of  acres  of  once-productive  forest 
land  have  been  surrendered  to  inferior  hardwoods. 

Returning  these  lands  to  productivity  is  one  of  the  major  objectives 
of  forest  managers  in  the  South  today.  The  Job  is  not  as  difficult  as  it 
seems.   It  can  be  accomplished  by  better  utilization  of  inferior  species, 
protecting  valuable  species  as  a  source  of  seed,  and  eliminating  hardwood 
competition  by  prescribed  fire  or  the  use  of  mechanical,  chemical,  or  manual 
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methods.  Such  techniques  have  been  the  subject  of  numerous  experiments 

in  the  loblolly  pine  type  of  the  Coastal  Plain. 


GROWTH  AKD  MORTALITY 

Effect  of  Cutting  Methods  on  Hardwood  Growth 

Regardless  of  how  they  are  harvested,  most  Southern  Appalachian 
forests  come  back  in  new  growth  that  in  time  becomes  merchantable.  This 
is  largely  owing  to  a  wealth  of  species  and  to  favorable  soil  and  clima- 
tic conditions  for  growth.  But  indiscriminate  cutting  needlessly  lowers 
forest  values  and  makes  it  harder  to  sustain  future  values.  These  con- 
clusions arise  from  a  study  begun  in  1930  on  the  Bent  Creek  Experimental 
Forest  near  Asheville,  N.  C,  of  a  typical  run-down  mountain  hardwood 
stand. 

Three  cutting  treatments  have  been  applied:   (l)  clear,  (2)  a  flex- 
ible l^i-inch  diameter  limit,  and  (3)  selection  for  quality  growth.   Each 
method  had  certain  advantages  and  disadvantages.   Analysis  of  results  20 
years  later  disclosed  that  no  single  treatment  was  best  in  all  respects, 
although  selection  for  quality  gave  the  best  all-around  results.   This 
method  provided  the  greatest  value  increment,  and  only  slightly  less 
volume  growth  than  the  flexible  diameter  limit  cutting.   Clear  cutting  re- 
sulted in  the  greatest  average  annual  growth  of  solid  wood,  mostly  cord- 
wood.   It  was  too  early  for  sawlogs — only  80  board  feet  per  acre  were  pro- 
duced in  the  20-year  study  period. 

Accretion  in  value  of  all  wood  products,  expressed  as  an  annual 
compound  interest  rate,  was  O.5  percent  for  the  uncut  check,  5*0  percent 
for  diameter  limit,  and  5-6  percent  for  selection,  without  taking  into 
account  the  rise  in  timber  values  during  the  20-year  period.   These  re- 
sults indicate  that  improvement  cuttings,  varied  to  fit  the  needs  and  ob- 
jectives of  individual  landowners,  can  effect  a  tenfold  increase  in  the 
annual  earning  power  of  the  largest  and  most  important  forest  type  in  the 
Southern  Appalachians. 

Response  of  Residual  Saplings  to  Complete  Release 

Observations  of  clear-cut  tracts  on  the  Hitchiti  Experiment  Forest 
in  central  Georgia  reveal  that  3I  percent  of  the  residual  saplings  of 
long-suppressed  shortleaf  and  loblolly  pines  died  within  3  years  after 
logging.  The  suppressed  trees  that  survived  showed  a  distinct  increase 
in  growth.  A  good  correlation  existed  between  diameter  growth  and  ini- 
tial crown  ratio,  while  diameter  increment  was  also  associated  with  gain 
in  crown  ratio. 

Effect  of  Winter  Burning  on  Slash  Pine  Growth 

In  the  flatwoods  portion  of  southeast  Georgia  and  northeast  Florida, 
prescribed  burning  has  become  a  recognized  and  necessary  method  of  reducing 
fire  hazard.  This  treatment  enables  land  managers  to  remove  the  accumu- 
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lated  growth  of  palmetto,  gallberry,  wire-grass,  and  leaf  litter  at  a 
season  when  fires  can  be  easily  controlled.  However,  the  method  of  burn- 
ing may  have  a  marked  effect  on  the  survival  and  subsequent  growth  of 
overstory  trees. 

Burning  studies  begun  at  the  Lake  City  Research  Center  in  1941+  re- 
veal that  winter  headfires  caused  a  marked  reduction  in  subsequent  height 
and  diameter  growth  of  slash  pine,  but  backfires  have  little  or  no  effect, 
providing  the  trees  are  more  than  12  feet  high.  The  tallest  tree  killed 
on  plots  burned  by  backfire  was  in  the  8-foot  height  class,  while  head- 
fires  killed  one  tree  36  feet  tall. 

Effect  of  Fusiform  Cankers 

Six  years'  observation  of  loblolly  pine  trees  with  a  diameter  range 
of  11  to  17  inches  at  breast  height  indicates  that  fusiform  cankers  rarely 
weaken  trees  in  the  Santee  River  area  enough  to  succumb  to  wind -breakage. 
But  location  of  a  canker  within  the  first  or  second  log  of  a  tree  has  an 
important  bearing  on  grade  or  yield. 


FINANCIAL  ASPECTS 

Rules -of -thumb  for  Volume  and  Value  in  Pulpwood  Trees 

Questions  about  the  volume  and  stumpage  value  of  individual  trees 
invariably  arise  during  woodland  operations.  Usually  it  is  inconvenient 
or  impossible  to  consult  a  volume  table  for  this  information.  The  Station 
has  developed  convenient  rules -of -thumb  for  determination  of  pulpwood 
volume  and  value  of  second-growth  short leaf  and  loblolly  pines  8  to  I3 
inches  in  diameter.  Where  D  is  the  tree  diameter  at  breast  height: 

Solid  volume  of  rough  wood  in  cu.  ft.  =  4(D-6) 

Stacked  volume  of  rough  wood  in  cords  =  k-{D-6) 

~T6d 

Pulpwood  stumpage  value  per  tree  =  4(D-6) 

-^ X  current  pulpwood  price 


100 

per  cord 


Comparative  Stumpage  Prices 


Owners  of  second  growth  pine  in  the  Southern  Piedmont  ought  to 
know  whether  it  is  more  valuable  for  pulpwood  or  for  saw  timber  since  inte- 
grated sales  are  uncommon  in  that  region  and  lively  competition  exists  be- 
tween small  sawmill  operators  and  pulpwood  contractors.  With  the  aid  of 
Station  Paper  No.  I6,  "Comparative  Stumpage  Prices  for  Small  Pine  Saw  Tim- 
ber and  Pulpwood, "  timber  owners  can  determine  whether  prevailing  market 
conditions  make  it  more  profitable  to  sell  stumpage  as  saw  timber  or  as 
pulpwood.  For  example,  if  a  seller  is  offered  $5  a  cord  for  8-inch  trees, 
figure  1  indicates  that  he  cannot  afford  to  sell  them  as  saw  timber  unless 
he  gets  $20  a  thousand  or  more  (international  l/i+-lnch  scale).   Conversely, 
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Figure  1. — Comparative  stximpage  prices  for  loblolly  and  shortleaf  pine  pulpwood  and  saw 
timber,  International  lA-inch  scale,  on  the  Hltchiti  Experimental  Forest. 
This  scale  most  closely  approximates  a  mill  tally  scale. 
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if  he  is  offered  $20  a  thousand  as  saw  timber  for  8-inch  trees,  and  $6 
a  cord  as  pulpwood,  it  will  profit  him  most  to  sell  as  pulpwood.  The 
figure  is  based  on  comparisons  of  the  volume  of  cordwood  (to  a  cordwood 
top  limit)  and  saw  timber  (to  a  saw-timber  limit)  in  trees  of  different 
sizes,  as  explained  in  Station  Paper  l6. 

Timber  Cutting  and  Skidding  Costs  in  Southern  Appalachians 

Most  timber  operators  have  a  fair  idea  of  their  total  logging 
costs,  but  have  not  taken  time  to  examine  separate  cost  components. 
Consequently,  they  do  not  know  where  to  start  reducing  costs  when  the 
profit  margin  shrinks  below  an  acceptable  limit. 

The  effect  of  tree  size,  species  of  timber,  and  type  of  equipment 
was  studied  on  several  typical  operations  within  a  75-iiiile  radius  of  Ashe- 
ville,  N.  C.  Felling  and  bucking  time  per  M  board  feet  was  directly  and 
closely  related  to  tree  size  (fig.  2).   Crew  size  with  power  equipment 
showed  little  difference  in  efficiency  between  two-,  three-,  or  four-man 
crews,  but  delay  time  was  much  more  costly  with  power  equipment  than  with 
hand  tools  for  the  same  size  trees.   Skidding  time  per  thousand  board  feet 
was  determined  chiefly  by  distance  traveled,  while  load  size  and  slope 
were  secondary  factors,  especially  with  power  equipment.  Capacity  loads 
should  always  be  carried  regardless  of  motive  power,  a  recommendation  that 
is  often  made  but  seldom  followed. 

Managing  Farm  Woodlands 

Small  woodland  owners  control  the  greatest  acreage  of  forest  land 
in  the  Southeast,  but  practice  the  poorest  forest  management.   To  serve 
the  needs  of  these  owners,  representative  small  woodland  tracts  have  been 
set  aside  by  the  Station  at  each  of  seven  experimental  forests.   They  are 
used  to  test  and  demonstrate  good  management  practices  as  applied  to  farm 
woodland  conditions.   These  tracts,  under  management  for  periods  varying 
from  J+  to  9  years,  all  show  that  the  average  woodland  owner  can  obtain  a 
good  return  for  his  labor  every  year  while  at  the  same  time  building  up 
his  growing  stock.   In  the  Southern  Piedmont  only  2  to  4  hours'  labor  per 
acre  per  year  are  required  to  realize  an  average  annual  roadside  value  of 
from  $2.75  to  $9-75  per  acre  for  the  products  harvested.   However,  if  a 
woodland  owner  expects  to  get  full  value  from  his  forest,  it  is  essential 
that  he  learn  to  apply  a  few  simple  management  techniques  such  as  are  out- 
lined in  McClay's  popular  leaflet,  "Managing  Southern  Piedmont  Farm  Wood- 
lands Pays  Dividends." 


FOREST  GENETICS 

Increasing  competition  by  lumber  and  veneer  plants  for  the  dwin- 
dling supply  of  high-quality  timber  plus  a  continued  expansion  of  the 
pulpwood  industry  brings  into  sharp  focus  the  need  for  full  productivity 
of  forest  land.  As  a  result,  reforestation  of  idle  land  proceeds  at  an 
increased  tempo,  forest  tree  nurseries  are  being  deluged  with  orders  for 
seedlings,  and  many  new  nurseries  are  being  established.   This  unprece- 
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Figure  2. — Relation  of  felling  and  bucking  time  to  tree  size  for  different  species 

groups  in  the  Southern  Appalachians. 


dented  demand  can  only  be  satisfied  with  correspondingly  large  quantities 
of  seed  which,  quite  naturally,  are  being  obtained  by  local  collectors 
where  most  abundant  and  cheapest.  These  collectors,  having  little  inter- 
est in  timber  production,  often  pick  cones  without  regard  to  the  vigor, 
quality,  or  disease  resistance  of  parent  trees,  but  seek  only  those  pro- 
lific specimens  which  are  easiest  to  climb.   This  practice  plus  the  cream- 
ing of  natural  stands  for  high  quality  products  leads  to  degeneration  of 
the  crop.   Thus  landowners  while  stimulating  reforestation  efforts  at  pre- 
sent may  be  penalized  in  the  future  by  the  slow  growth  of  Inferior  stands. 

The  genetic  quality  of  the  present  forests  can  be  maintained  and 
those  of  the  future  improved  by:   (l)  establishing  new  stands  by  planting 
or  natural  methods  with  seed  from  the  best  trees  in  the  best  stands;  (2) 
making  tests,  with  seed  or  grafted  material  of  the  best  trees,  stands, 
and  races  to  isolate  the  best  types,  so  that  superior  seed  can  be  pro- 
duced in  the  future;  (3)  starting  a  program  of  tree  breeding  to  create 
new  types. 
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This  three-point  program  is  the  basis  of  Station  activity  in  forest 
genetics.  Detailed  reports  of  "Geographic  Differences  in  Cone-opening  in 
Sand  Pine,"  "Slash  Pine  (Pinus  elliottii)  its  Nomenclature  and  Varieties," 
"Hereditary  Variation  as  the  Basis  for  Selecting  Superior  Forest  Trees," 
"Suggested  Projects  in  the  Genetic  Improvement  of  Southern  Forest  Trees," 
and  "Directory  of  Forest  Genetics  Activities  in  the  South,"  were  published 
in  1952.  The  last  three  were  prepared  by  or  for  the  Committee  on  Southern 
Forest  Tree  Improvement,  a  South-wide  group  representing  federal.  State, 
industrial,  and  educational  forestry  interests. 

The  attempt  to  obtain  better  strains  of  slash,  longleaf ,  loblolly, 
and  shortleaf  pine  through  individual  tree  selection  in  natural  stands  has 
been  continued  by  K.  W.  Dorman  in  cooperation  with  the  Ida  Cason  Callaway 
Foundation  at  Hamilton,  Georgia.   Progeny  of  some  outstanding  mother  trees, 
even  though  the  male  parent  is  unknown,  are  as  much  as  50  percent  taller 
at  the  end  of  one  growing  season  in  the  nursery  bed  than  those  from  other 
trees  or  from  seed  of  commercial  source.   These  seedling  heights  were  com- 
pared on  the  basis  of  weight  per  thousand  seed  at  time  of  planting.   This 
has  been  true  for  the  1951  and  the  1952  plantings. 

At  Lake  City,  Florida,  evidence  just  obtained  shows  for  the  first 
time  that  oleoresin  yield  is  an  inherited  character  in  longleaf  pine.  This 
study,  begun  in  1935 >  indicates  the  long-term  nature  of  most  forest  gene- 
tics work  and  emphasizes  the  need  for  an  early  attack  on  fundamental  pro- 
blems. 

Other  studies  at  Lake  City  include  hybridization  tests  with  long- 
leaf,  slash,  pond,  and  sand  pine;  development  of  improved  propagation 
techniques;  selection  and  outplanting  of  unusual  specimens  found  among 
nursery-grown  seedlings;  establishment  of  two  plots  for  demonstration  of 
eugenic  thinning  operations,  and  conversion  of  existing  stands  into  seed 
orchards . 

Several  of  the  Station's  research  centers  are  among  the  many  parti- 
cipants in  a  major  cooperative  seed-source  study  of  longleaf,  slash,  lob- 
lolly, and  shortleaf  pines.  The  study  is  spearheaded  by  the  Southern 
Forest  Experiment  Station,  under  the  sponsorship  of  the  Committee  on  South- 
ern Forest  Tree  Improvement. 


NAVAL  STORES 

Bark  chipping  and  acid  treatment,  a  development  of  the  Lake  City 
Research  Center,  is  rapidly  becoming  the  accepted  method  of  turpentining. 
In  1952  sulfuric  acid  was  applied  to  nearly  20  million  faces  or  about  one- 
third  of  all  those  being  worked.   The  new  technique,  when  applied  on  a  ik- 
day  schedule,  results  in  a  kO-   to  50-percent  saving  in  the  labor  of  chip- 
ping.  This  is  a  welcome  saving  to  an  industry  currently  plagued  with 
labor  shortages  and  mounting  costs  of  production. 

Techniques  of  Turpentining 

Ten  years'  work  with  more  than  70  pilot-plant  operators  indicates 
that  thorough  supervision  of  wood  laborers  is  the  secret  of  efficient, 
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economical  gum  production.  Good  supervisors  insist  upon  (l)  tight  tin 
installations  with  minimum  damage  to  the  tree;  (2)  regular  chipping  sche- 
dules; (3)  sharp  bark  hacks  and  good  spray  guns;  (h)   clean  bark  streaks 
of  full  face  width;  (5)  uniform  acid  treatment  from  shoulder  to  shoulder 
at  the  point  where  wood  and  bark  meet;  and  (6)  prompt  utilization  of 
worked-out  trees  so  that  a  new  crop  may  be  started. 

Research  in  the  development  of  better  turpentining  techniques  is 
continuing  with  tests  of  gutter  installations,  variations  in  chipping 
interval  and  height  of  streak,  and  the  effect  of  various  physical  factors 
on  the  yield  of  gum. 

Gum  Flow 

An  easily  determined  index  of  the  gum'-yielding  ability  of  individual 
trees  is  essential  for  small-scale  tests  of  turpentining  techniques  as  well 
as  for  progeny  testing  in  species  improvement  studies.   Observations  of  gum- 
flow-rate  patterns  reveal  that  the  yield  from  a  single  acid-treated  bark 
streak  applied  in  mid-summer  is  an  excellent  measure  of  the  total  yield 
from  the  same  tree  during  an  entire  current  season.  This  finding  may  great- 
ly reduce  the  amount  of  woods  labor  involved  in  turpentine  research  and  in- 
crease the  precision  of  individual  experiments. 

Naval  Stores  Equipment 

New  or  improved  tools  are  needed  for  efficient  application  of  the 
newly  developed  turpentining  techniques .   In  earlier  years  engineers  in 
the  Equipment  Project  developed  acid  spray  guns,  spiral  gutters,  larger 
cups,  spray-hacks,  and  spray  pullers.   To  these  have  been  added  a  rossing 
tool  for  removal  of  rough  bark  from  trees  about  to  be  turpentined,  and  a 
nail-pulling  device  so  that  worked-out  faces  may  be  left  free  of  metal. 
In  addition  the  equipment  engineers  supervised  a  graduate  student  in  the 
School  of  Engineering,  University  of  Florida,  in  development  and  construc- 
tion of  a  tool  for  sowing  sand  pine  seeds. 


COMPARTMENT  MANAGEMENT 

Long-term  studies  involving  length  of  rotation,  cutting  cycle,  silvi- 
cultural  system,  intensity  of  stand  improvement,  and  the  integration  of  tur- 
pentining, timber  production,  prescribed  burning  and  grazing  are  being  con- 
ducted on  5  experimental  forests.   These  studies  embrace  166  compartments 
of  30  to  100  acres  in  size.  Formative  cuts  have  been  completed  and  pre- 
liminary results  published  for  a  majority  of  the  areas.  These  compartments 
are  of  immediate  value  as  a  testing  ground  for  results  from  small-scale, 
plot -type  studies.   On  a  broader  scale,  they  provide  opportunities  for  study 
of  forest-land  management  practices  and  their  interrelationships  during 
successive  cutting  periods. 

PILOT -PLANT  MANAGEMENT 

A  2200-acre  tract  on  the  George  Walton  Experimental  Forest  near  Cor- 
dele,  Georgia,  is  being  devoted  to  a  pilot -plant  test  of  sustained-yield 
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management.  The  objective  is  to  test  the  highest  type  of  management  that 
can  be  applied  and  to  determine  its  profitability.   Although  only  under 
fire  protection  and  intensive  management  for  5  years,  the  project  is  be- 
ginning to  produce  interesting  results. 

Repeat  measurements  on  a  portion  of  the  tract  indicate  that  under- 
stocked young  longleaf  and  slash  pine  stands  are  increasing  in  growth  at 
a  calculated  rate  of  27  percent  in  board-foot  volume  annually.   Although 
saw-timber  stands  of  merchantable  size  only  occupy  ^6   percent  of  the  total 
area,  volume  is  increasing  at  the  rate  of  235  board  feet  annually. 

This  pilot-plant  area  was  selected  initially  as  representative  of 
the  middle  Coastal  Plain  of  Georgia.   It  is  showing  how  the  understocked 
stands  common  to  the  region  can  be  built  up  rapidly  by  Judicious  timber 
cutting. 


FOREST  ECONOMICS 


Timber  Inventory  of  Georgia  79  Percent  Complete 

During  1952  the  timber  inventory  of  Georgia  was  completed  in  fifty- 
nine  counties  located  chiefly  in  the  southern  Piedmont.  The  total  area  of 
forest  land  surveyed  last  year  amounted  to  eight  million  acres.   By  the 
end  of  the  year,  the  field  crews  had  measured  the  timber  on  6,766  sample 
plots,  including  those  taken  in  1950  and  1951^  or  79  percent  of  the  total 
scheduled  for  the  State.   Interest  in  the  survey,  on  the  part  of  forest 
industry  and  State  agencies,  continued  at  a  high  level  as  the  Union  Bag 
and  Paper  Corp.,  the  Macon  Kraft  Co.,  the  West  Virginia  Pulp  and  Paper  Co., 
the  Georgia  Forestry  Commission,  and  the  Georgia  School  of  Forestry  all 
contributed  to  the  progress  of  the  field  work. 

Survey  Reveals  Improved  Pine  Timber  Supply  in  Southeast  Georgia 

The  southeastern  Coastal  Plain  section  of  Georgia  provides  nearly 
one-half  of  the  pine  pulpwood  cut  in  the  State  and  a  large  part  of  the  saw 
timber.   In  view  of  this  heavy  drain,  up-to-date  statistics  showing  the 
trend  in  timber  supply  are  essential.   Completion  of  the  field  inventory 
in  southeast  Georgia  (Survey  Unit  l)  highlights  the  changes  which  have 
taken  place  between  the  original  survey  of  193^  and  1952.  The  total  forest 
area  has  increased  about  three  percent,  but  the  acreage  of  pine  types  has 
decreased  by  nearly  750,000  acres.   In  spite  of  this  reduction  in  pine 
acreage,  improved  fire  protection  and  forest  management  practices  have  re- 
sulted in  a  68-percent  increase  in  stocking  of  sound  pine  trees  1.0  inches 
d.b.h.  and  larger.   Saw-timber-size  trees  were  37  percent  more  abundant. 
As  a  result  of  this  increase,  the  volume  of  pine  saw  timber  was  found  to 
be  21  percent  greater  than  in  193^.   The  volume  of  all  pine  timber  5.O 
inches  d.b.h.  and  larger  increased  25  percent.   These  facts  show  that  the 
forestry  programs  in  this  area  are  achieving  results  and  also  indicate 
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that  the  planned  expansion  of  forest  industrial  capacity  in  this  area  is 
on  a  sound  basis  from  the  standpoint  of  raw  material  supply. 

Techniques  Improved  for  Predicting  Growth 

Estimates  of  timber  growth  prepared  by  the  Forest  Survey  have  for 
many  years  been  based  on  the  expected  change  during  a  specified  period 
due  to  (l)  increase  in  current  growing  stock  volume;  (2)  ingrowth,  or 
volume  in  trees  which  grow  into  merchantable  sizes;  and  (3)  mortality, 
or  the  volume  in  trees  expected  to  die.  An  accurate  determination  of 
the  volume  of  ingrowth  is  one  of  the  most  difficult  to  make,  yet  it  is 
a  very  important  part  of  any  realistic  growth  estimate. 

A  number  of  methods  of  growth  prediction  have  been  used  in  the 
past  but  these  are  open  to  criticism  because,  of  the  theoretical  assump- 
tions used.  A  revised  method  of  computing  ingrowth  based  on  the  growth 
of  sample  trees  has  now  been  developed. 

The  sample  tree  data  obtained  from  ground  plots  are  used  to  deter- 
mine the  proportion  of  trees  now  of  volume  size  which  were  seedlings  or 
saplings  at  the  beginning  of  the  10-year  growth  period,  or  which  started 
growing  during  the  period.   These  proportions  are  applied  to  the  current 
stand  table  to  compute  the  total  number  of  trees  which  reached  the  6-inch 
diameter  class  during  the  past  10  years.  Rates  of  diameter  growth  for 
individual  sample  trees  are  then  tabulated  to  find  out  which  year  during 
the  period  each  tree  reached  volume  size.  These  tabulations  are  summa- 
rized and  the  number  of  trees  recruiting  each  year  are  analyzed  to  detect 
trends  in  Ingrowth  which  develop  from  better  stocking  of  young  trees  or 
changes  in  stand  structure.   If  a  positive  or  negative  trend  exists,  a 
regression  curve  or  a  simple  average  for  late  years  during  the  period  can 
be  used  to  predict  the  niomber  of  trees  which  will  reach  pole  size  during 
the  following  year.   Similar  procedures  are  used  to  predict  the  number  of 
trees  which  will  recruit  to  saw-timber  size.  Volume  tables  are  then  ap- 
plied to  estimate  the  volume  of  annual  Ingrowth.   In  south  Georgia,  where 
inventory  work  was  recently  completed,  this  procedure  showed  a  rate  of 
Ingrowth  double  that  obtainable  under  previous  methods  because  it  took 
into  account  the  progressive  Increase  in  the  number  of  young  trees  in  the 
stands. 

Rate  of  Timber  Use  and  Replacement  High 

Under  a  new  system  of  tallying  stumps  on  inventory  plots  to  obtain 
drain  estimates,  the  annual  volume  of  pine  timber  drain  in  south  Georgia 
(Units  1  and  2)  was  found  to  be  1,152  million  board  feet,  or  8.6  percent 
of  the  available  growing  stock.  This  rate  is  surprisingly  high  since  it 
means  that  the  typical  saw-timber  stand  is  partially  cut  every  twelfth 
year.  A  tabulation  of  areas  on  which  stumps  of  recently  cut  trees  were 
found  also  reveals  that  some  timber  cutting  takes  place  on  approximately 
7  percent  of  the  forest  land  area  each  year. 

The  rate  of  pine  timber  replacement  through  growth  is  also  high 
for  this  area.   In  recent  years  the  number  of  trees  in  the  pole  and  sap- 
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ling  sizes  has  been  building  up.  This  condition  has  created  a  sharp  in- 
crease in  the  voliame  of  Ingrowth  as  these  smaller  trees  reach  saw-timber 
size.  The  average  growth  rate  of  pine  timber  under  all  conditions  was 
9.7  percent.   In  rapidly  growing  pole-timber  stands  the  rate  was  as  high 
as  13  percent. 

Progress  Made  In  Resurvey  of  North  Carolina 

With  the  cooperation  of  the  North  Carolina  Department  of  Conserva- 
tion and  Development  and  its  Division  of  Forestry,  the  field  inventory  of 
timber  in  southeast  North  Carolina  (Siirvey  Unit  l)  was  completed.  Thus, 
as  soon  as  office  computations  are  finished,  new  timber  statistics  for 
nearly  one-third  of  the  forested  area  in  the  State  will  be  available. 
This  information  is  badly  needed  in  this  area,  where  the  demand  for  tim- 
ber has  increased  with  the  opening  of  one  large  new  pulp  mill  and  the 
development  of  a  number  of  large  barge  and  rail  yards  for  the  concentra- 
tion of  pulpwood.  Reliable  estimates  of  timber  volume,  growth,  and  drain 
will  help  to  guide  pulpwood  procurement  into  timbered  areas  capable  of 
supporting  a  heavier  cut,  thus  minimizing  overcutting  around  these  con- 
centration points. 

Report  on  19^1  Production  of  Pulpwood  Aids  Industry 

In  1951,  pulpwood  production  in  the  Southeast  (Station  territory) 
amounted  to  7-7  million  cords,  I3  percent  more  than  in  I95O.   Hardwood 
pulpwood  production,  exclusive  of  chestnut,  was  21  percent  greater  than 
in  1950.   Georgia  was  the  leading  producer,  accounting  for  3I  percent  of 
all  pulpwood  cut  in  the  Southeast.  Reports  on  the  production  from  each 
county  were  obtained  and  published.  This  county  information  continued 
to  be  useful  to  pulp  companies  as  it  made  possible  various  analyses  for 
specific  wood  procurement  territories,  usually  composed  of  irregular 
groups  of  counties.   Such  analyses  included  the  competitive  relationship 
of  pulpwood  production,  the  intensity  of  production  in  relation  to  the 
total  amount  of  growing  stock,  and  the  location  of  new  areas  from  which 
to  obtain  pulpwood. 

Sawmill  Waste  a  Potential  Source  of  Pulpwood 

Southeastern  sawmills  are  now  turning  out  about  7  billion  board 
feet  of  lumber  annually.   In  the  process,  they  also  produce  as  waste 
some  7  million  cords  of  saw-timber  topwood,  slabs,  and  edging  strips 
suitable  for  chipping  and  conversion  to  paper  pulp,  building  board,  or 
other  products.   Yet  the  only  present  use  for  most  of  this  material  is 
as  low-grade  firewood.  Recently,  however,  there  has  been  great  interest 
in  waste  salvage,  particularly  on  the  part  of  the  pulp  and  paper  industry 
and,  with  stumpage  at  its  present  high  level,  salvage  operations  may  prove 
economically  feasible.   A  waste  marketing  study  being  conducted  by  the 
Station  in  the  South  Carolina  Piedmont  highlights  some  of  the  potentiali- 
ties and  problems  involved. 

The  study  area  is  a  circle  of  30-niile  radius,  taking  in  portions 
of  11  typical  Piedmont  counties.   It  contains  1^7  active  sawmills  whose 
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production  rates  range  from  a  few  thousand  to  3  million  "board  feet  per 
year.   In  1951,  they  produced  a  total  of  8l.4  million  board  feet,  82  per- 
cent of  which  was  pine.  They  also  produced  50  thousand  cords  of  mill 
waste  and  36  thousand  cords  of  logging  waste  suitable  for  chipping.  This 
is  equal  to  kO   percent  of  the  present  pulpwood  production  in  the  area. 

The  mill  waste  for  an  individual  timber  tract  is  usually  concen- 
trated at  one  mill  set,  occasionally  at  two  or  even  three.  Therefore, 
it  would  presumably  not  be  difficult  to  load  and  transport.  The  logging 
waste,  on  the  other  hand,  is  widely  scattered  through  the  woods.  Whether 
or  not  it  is  operable  for  a  product  such  as  pulpwood  largely  depends  on 
its  concentration  or  volume  per  acre.  Waste  vol\jme  per  acre  on  IO5  tracts 
examined  ranged  from  O.3  to  3«2  cords.   However,  only  1^  percent  of  the 
total  waste  was  in  concentrations  of  less  than  one  cord  per  acre;  58  per- 
cent was  in  concentrations  of  one  to  two  cords;  28  percent  in  concentra- 
tions of  more  than  two  cords.   Individual  tracts  ranged  from  1  to  5OO 
acres  in  size  and  averaged  77.   There  still  remains  to  be  determined  the 
minimum  operable  volumes  of  logging  waste,  both  per  acre  and  per  tract, 
and  the  most  efficient  methods  of  preparing,  assembling,  and  transport- 
ing all  classes  of  waste  to  market. 


WATERSHED  MANAGEMENT 


Protecting  Watershed  Values  by  Good  Forest  Road  Construction 

Careless  methods  of  forest  road  construction  Jeopardize  water 
quality  by  adding  to  the  turbidity  and  sediment  in  the  streams.   This 
occurs  not  only  during  use  of  logging  roads  but  on  one  logged  water- 
shed at  Coweeta  the  adverse  conditions  continued  for  k   years  following 
logging. 

Good  surface  drainage  of  roads  is  a  key  factor  in  maintaining 
water  quality  as  well  as  in  minimizing  road  maintenance  and  equipment 
repairs.   Problems  in  road  drainage  design  and  techniques  for  handling 
surface  storm  water  were  studied  on  temporary  work  roads  and  skid  trails 
in  mountain  logging  operations  at  Coweeta.   It  was  found  that  self- 
cleaning  properties  for  open  top  surface  drains  can  be  maintained  when 
the  length  of  the  storm  drain  extending  diagonally  across  the  road  is 
approximately  twice  the  berm-to-bank  road  width.  This  means  that  the 
volume  of  storm  water  should  not  be  so  great  that  forest  litter  is  un- 
able to  filter  out  the  sediment  before  it  reaches  the  stream  channel. 
Information  was  obtained  in  1952  on  discharge  of  sediment  from  open 
top  storm  drains  on  forest  roads  having  various  grades  and  drainage 
spacings  (fig.  3).   These  studies  showed  that  when  20  cu.ft.  or  less 
of  sediment  per  year  is  discharged  from  one  of  these  drains,  the  forest 
litter  filters  it  out,  the  storm  water  quickly  soaks  into  the  soil,  and 
no  pronounced  rilling  or  wheel-rut  wash  occurs.  Where- 1^+0  cu.ft.  or 
more  of  sediment  is  discharged  annually  at  one  point,  active  gullying 
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occurs  on  the  road  surface  and  in  wheel  ruts,  creating  hazardous  road 
conditions,  increasing  maintenance  costs  and  decreasing  traffic  loads. 
The  effect  of  these  and  intermediate  practices  upon  watershed  values 
is  indicated  in  figure  3^ 

Effect  of  Land  Use  and  Forest  Management  Practices  on  Trout  Streams 

Field  work  on  a  cooperative  project  with  the  North  Carolina  Wild- 
life Resources  Commission  and  the  U.  S.  Fish  and  Wildlife  Service  was 
begun  in  1952.  Sampling  of  fauna  and  flora  along  stream  bottoms  is  under 
way.  This  information  together  with  hydrologic  data  collected  at  Coweeta 
will  be  used  to  evaluate  the  effect  of  various  land  use  and  forest  manage- 
ment practices  on  trout  stream  environment. 

Stream  temperature  studies  at  Coweeta  are  giving  a  new  concept  for 
managing  streambank  vegetation.  Following  cutting  of  the  laurel  and  rhodo- 
dendron understory  on  a  70-acre  watershed  at  Coweeta,  water  temperatures 
were  maintained  within  limits  of  tolerance  for  trout.   This  cutting  actu- 
ally increased  the  period  of  optimum  temperature  necessary  for  growth  and 
development  of  trout  and  the  aquatic  organisms  upon  which  they  feed.   Clear- 
ing of  riparian  vegetation  for  limited  stretches  along  a  stream  showed  that 
it  is  possible  to  keep  temperatures  within  optimum  limits  and  in  the  open 
area  produce  more  aquatic  organisms  plus  better  opportunities  for  fly  fish- 
ing. 
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140  cu.  ft.  per  year  erosion 


Figure  3- — Soil  losses  depend  on  road  grade 

and  distance  "between  surface  drain- 
age structures. 
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Clearing  of  riparian  vegetation  along  extended  stretches  of  streams 
too  small  to  sustain  a  fish  population  greatly  increases  stream  tempera- 
ture. With  high  temperatures,  aquatic  organisms  far  out  of  proportion  to 
the  stream's  size  are  produced  and  flushed  into  the  main  channel,  thus  pro- 
viding more  trout  food  there.   Consequently,  a  slight  rise  in  water  tem- 
perature of  forested  streams  may  be  advantageous. 

Basic  Hydrologic  Research 

Records  from  31  stream  gages,  8  turbidity  stations,  6  water  tempera- 
ture stations,  26  observation  wells,  9  weather  stations,  l8  recording  rain 
gages  and  88  standard  rain  gage  stations  were  taken  currently  at  Coweeta 
during  1952.   In  cooperation  with  several  universities,  basic  hydrologic 
data  accumulated  in  the  past  from  Coweeta  were  analyzed  in  the  preparation 
of  several  graduate  theses  by  students  working  part  time  at  Coweeta.  Based 
on  these  data  in  1952,  one  Ph.D.  was  awarded,  and  two  Ph.D.  and  three  Mas- 
ter's theses  were  in  progress. 

Practical  Value  of  Watershed  Research 

Furnishing  information  on  water  resource  management  and  forest  in- 
fluences occupied  a  major  portion  of  the  Coweeta  staff's  time  during  1952. 
Two  training  sessions  each  requiring  2  or  more  days,  11  illustrated  dis- 
cussions, and  65  tours  were  conducted  for  75^  visitors.   In  addition,  over 
60  inquiries  on  the  technical  phases  of  the  research  program  were  handled 
on  a  consulting  basis  or  by  correspondence.   To  help  facilitate  the  dis- 
semination of  research  findings  at  Coweeta,  a  movie,  "Waters  of  Coweeta," 
was  prepared.   This  film  will  inform  people  who  cannot  come  to  the  area 
about  Forest  Service  watershed  management  research  in  the  Southern  Appala- 
chians and  provide  facts  regarding  land  use  practices. 

Plans  for  1953 

Publications  will  be  emphasized  in  1953«   Plans  are  to  complete  a 
report  summarizing  I7  years '  research  at  Coweeta.   Several  papers  will  be 
written  on  basic  research  projects  covering  hydrology,  forest  management 
practices,  and  soils  as  they  relate  to  stream  flow.  A  long-range  program 
conference  is  scheduled  for  April  1953'   This  conference  will  review  re- 
search needs  for  continuing  existing  watershed  treatments  and  suggest 
priorities  for  proposed  watershed  studies  on  land  use,  evaporatioii-tran- 
spiration  studies,  and  integrating  the  silvicultural  aspects  of  forest 
management  and  water  resource  management.   The  basic  research  projects  on 
soils,  climate  and  hydrology  as  they  relate  to  stream  flow  will  be  con- 
tinued. 


■18- 


FOREST  SOIL-WATER  RELATIONS  IN  THE  PIEDMONT^' 


The  objectives  of  watershed  management  research  at  the  Station's 
Piedmont  Research  Center  are:  (l)  to  learn  what  conditions  are  on  for- 
ested watershed  lands;  (2)  to  work  out  methods  for  improving  conditions 
where  they  are  now  unfavorable;  (3)  to  develop  practices  which  maintain 
present  favorable  conditions;  and  (k)  to  plan  research  so  that  results 
will  promote  a  better  fundamental  understanding  of  watershed  management. 

Areas  which  have  lost  the  original  topsoil  and  are  now  barren  or 
gullied  constitute  the  most  serious  regional  problem  so  far  as  erosion 
and  floods  are  concerned.   It  is  estimated  that  in  the  aggregate  such 
areas  constitute  about  5  percent  of  the  forested  area.  The  majority  of 
eroded  material  that  muddies  streams  comes  from  these  areas  plus  poorly 
farmed  lands  and  old  roads.   Any  rainfall  in  excess  of  an  intensity  of 
0.10  inch  per  hour  runs  off  from  these  areas.   An  ordinary  thunderstorm 
of  less  than  1  inch  of  rain  causes  a  muddy  torrent  to  pour  off  these 
scalds  and  galls. 

Where  the  original  topsoil  has  not  all  been  lost  and  a  sandy  sur- 
face remains,  conditions  are  less  serious  and  natural  vegetation  controls 
erosion.   A  good  cover  of  broomsedge  protects  the  soil  surface  but  does 
little  to  loosen  up  the  underlying  heavy  clay.   Effective  moisture  stor- 
age during  heavy  rains  occurs  only  in  the  topsoil  layer.  Where  ^  to  6 
inches  of  topsoil  remain,  an  area  in  broomsedge  has  the  capacity  to  store 
from  1.5  to  2.0  Inches  of  rainfall  before  surface  runoff  begins.   Although 
this  is  much  better  than  a  bare  eroded  area,  surface  runoff  would  still 
occur  from  about  25  storms  per  year. 

The  establishment  of  trees  with  their  deeper-ranging  root  systems 
causes  an  increase  in  the  permeability  of  the  underlying  clay  and  in- 
creases the  capacity  of  the  soil  to  store  water.   A  20-  to  ^0-year-old 
pine  forest  on  an  old  field  site  generally  can  store  from  2.5  to  h.O 
Inches  of  rainfall  in  a  24-hour  period.   This  capacity  would  be  exceeded 
less  than  7  times  in  an  average  year.   With  the  passage  of  time  the  ability 
of  the  young  forest  to  store  rainfall  increases,  and  eventually  may  reach 
that  now  found  on  the  remnants  of  old  growth  forest.   Measurements  in  the 
patches  of  old  growth  remaining  indicate  a  storage  capacity  of  more  than 
9  inches  for  a  24-hour  period,  and  only  rarely  do  storms  exceed  that  capa- 
city. 

As  a  check  on  these  determinations  and  to  furnish  further  informa- 
tion, stream  flow  is  measured  on  h   small  watersheds,  and  soil  moisture  ob- 
servations have  been  taken  under  typical  plant  cover  types  to  a  depth  of 
6  feet  in  the  soil.   The  soil  moisture  records  show  that  tree  roots  draw 
moisture  to  depths  below  6  feet  and,  in  fact,  it  appears  to  be  normal  for 
trees  to  use  all  available  water  in  the  upper  6  feet  of  soil  before  the 
end  of  the  growing  season.  Broomsedge  with  associated  herbaceous  vegeta- 
tion has  a  more  limited  root  system  and  normally  dries  the  soil  to  wilt- 


1/  Joint  project  of  Divisions  of  Watershed  Management  and  Timber 
Management . 
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ing  percentage  only  in  the  surface  3  feet  of  soil.   On  bare  soil,  evapora- 
tion dries  the  surface  rapidly  but  the  rate  diminishes  with  depth,  and 
even  in  the  driest  weather  there  is  available  moisture  below  2k   inches. 

During  the  winter  of  1950-51^  rainfall  was  not  sufficient  to  add 
moisture  to  depths  below  3  feet  in  forested  areas  and  because  of  this 
trees  had  little  soil  moisture  available.   In  fact,  after  May  15,  1951> 
trees  were  almost  completely  dependent  on  current  rainfall  to  meet  their 
moisture  needs.  This  helps  explain  the  insect  build-up  and  poor  growth 
experienced  during  1951 •  The  early  summer  of  1952  was  extremely  hot  and 
dry  but  forest  growth  suffered  little,  if  any,  because  rainfall  of  the 
preceding  winter  was  sufficient  to  raise  the  soil  to  field  capacity  dur- 
ing March.  As  a  result,  the  surface  6  feet  of  soil  had  7  inches  more 
available  moisture  on  April  1,  1952,  than  was  present  in  1951. 

The  job  of  restoring  water  storage  capacity  and  fertility  to  the 
eroded  soils  of  the  Piedmont  begins  with  improvement  of  the  surface  layers. 
This  improvement  will  be  brought  about  primarily  by  the  vegetation  on  the 
site  through  the  organic  matter  it  adds  to  the  forest  floor.   In  order  to 
find  out  how  much  organic  material  is  added  to  the  forest  floor  under 
various  stand  conditions,  litter  fall  studies  have  been  in  operation  for 
two  years.  Average  values  for  the  two  years  for  stands  growing  in  Union 
County,  S.  C,  are  given  in  the  following  table; 

Table  2. — Organic  matter  added  annually  to  forest  floor  beneath  various 

Piedmont  stands  (oven-dry  basis) 


Stand  composition 


Leaf 
fall 


Litter  / 
fall-/ 


Pounds 
per  acre 


Pounds 
per  acre 


75^  loblolly,  25^  shortleaf 

pine,  age  26 
Shortleaf  pine,  age  35 
Loblolly  pine  plantation,  age  11 
Shortleaf  pine-hardwoods,  age  l-40 
Hardwoods,  age  I-50 
Hardwoods,  age  I-I50 


3,685 

^,133 

2,836 

3,725 

3,i^6l 

3,885 

3,179 

4,115 

3,600 

k,312 

i^,022 

4,862 

1/  Includes  leaves,  twigs,  bark,  and  fruit. 


Table  2  shows  in  general  that  leaf  and  litter  fall  are  independent 
of  species  and  age.  From  the  above  values  a  good  working  figure  for  leaf 
fall  for  Piedmont  stands  is  35OO  pounds  per  acre,  and  for  litter  fall  4-300 
pounds.  Although  the  quantity  of  organic  material  added  varies  little  be- 
tween the  st^inds,  the  amount  of  nitrogen  and  calcium  is  much  different. 
The  lea:f  fall  from  pine  stands  contained  I3  pounds  of  nitrogen  and  I8 
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pounds  of  calciian,  whereas  that  from  the  hardwood  stands  contained  27 
pounds  of  nitrogen  and  88  pounds  of  calcium,  per  acre. 

The  quantity  and  quality  of  the  material  added  to  the  forest  floor 
determines  to  a  large  extent  the  amount  of  organic  matter  that  is  incor- 
porated into  the  mineral  soil.  This  incorporated  organic  matter  is  im- 
portant because  of  the  desirable  physical  and  chemical  characteristics 
it  imparts  to  the  soil.  Table  3  gives  the  organic  matter  content  of  soils 
beneath  Piedmont,  Coastal  Plain  and  Mountain  forest  stands. 


Table   3. --Percent  organic  matter  based  on  oven-dry  weight  of  soil 


:        Uni 

on 

County,  S.  C. 

;Santee,  S.  C." 

Coweeta,  N.  C. 

Sample 

depth 

(inches) 

Aver,  of  : 

Hardwoods 

Hardwoods 

:  Loblolly 

Hardwoods 

; three  pine: 

50 

yrs.  old 

:150  yrs.  old 

:50  yrs.  old 

old  growth 

stands   : 

0-1 

1.37 

6.07 

10. 2i^        11.21 

12.83 

1-2 

1.01 

3.68 

5.85         5.63 

7.87 

2-U 

.93 

2.6o 

3.59         3.13 

5.21 

4-6 

.81^ 

2.07 

2.21         1.70 

3.82 

6-8 

.76 

1.82 

1.52         1.30 

3-70 

8-10 

.69 

l.8i^ 

1.25         1.12 

2.25 

10-12 

.59 

1.82 

.91        1.10 

1.71 

Table  3  indicates  that  old  field  pine  soils  have  a  very  meagre 
supply  of  organic  matter.   However,  the  potentialities  of  the  soil  are 
evident  when  one  compares  the  150-year-old  Piedmont  hardwood  stand  with 
the  Santee  and  Coweeta  stands.   The  Santee  samples  were  collected  near 
Charleston,  South  Carolina,  and  the  Coweeta  samples  from  the  mountains 
of  North  Carolina  on  soil  which  has  never  been  cleared. 

Table  k   shows  the  nitrogen  that  is  found  in  these  same  profiles. 
This  table  shows  the  general  low  nitrogen  level  of  old  field  pine  sites 
of  the  Piedmont.   The  importance  of  nitrogen  to  tree  growth  in  the  Pied- 
mont region  has  been  brought  out  by  studies  of  the  littleleaf  disease  by 
the  Division  of  Forest  Pathology. 

Future  studies  will  be  concerned  with  evaluating  the  factors  which 
determine  the  organic  matter  content  of  the  soil  and  the  physical  proper- 
ties which  increase  water  storage  capacity. 
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Table  4. --Percent  nitrogen  based  on  oven-dry  weight  of  soil 


Sample 

depth 

(inches) 


Union  County,  S.  C. 


Aver,  of  :  Hardwoods 
three  pine:50  yrs.  old 
stands   : 


Hardwoods 
150  yrs.  old 


Santee,  S.  C 


Loblolly 
50  yrs.  old 


Coweeta,  N.  C, 


Hardwoods 
old  growth 


0-1 

.043 

.175 

.287 

.320 

.365 

1-2 

.033 

.108 

.169 

.163 

.226 

2-k 

.031 

.078 

.106 

.093 

.151 

h-6 

.029 

.063 

.067 

.053 

.112 

6-8 

.026 

.056 

.048 

.041 

.109 

8-10 

.024 

.057 

.040 

.036 

.068 

10-12 

.022 

.056 

.031 

.035 

.053 

FIRE  RESEARCH 


Cumulative  Danger  Index 

The  Southern  Appalachian  region  experienced  one  of  the  worst  fall 
fire  seasons  in  its  history  during  the  period  mid-October  to  mid-November 
1952.   A  prolonged  drought  plus  occasional  days  of  high  wind  taxed  control 
agencies  to  the  utmost. 

One  method  of  gaging  the  severity  of  the  period  is  illustrated  In 
figure  4.   On  it  is  shown  a  comparison  of  build-up  for  three  different 
areas.   The  West  Virginia  and  Kentucky  curves  show  build-up  during  the 
critical  burning  period  in  the  autimm  of  1952.   Similar  conditions  pre- 
vailed in  many  of  the  eastern  states.  The  Maine  curve  represents  build- 
up during  the  1947  period  of  disastrous  fires. 

Steps  Involved  in  the  derivation  of  a  cijmulatlve  danger  index  can- 
not be  briefly  explained.  Essentially,  however,  they  consist  of  adding 
or  subtracting  dally  departures  from  the  "normal,"  established  for  each 
geographic  unit  by  median  data  collected  over  a  period  of  8  years.  Dally 
records  are  obtained  through  the  use  of  a  lOO-polnt  danger  meter  which 
Integrates  a  number  of  variables  measured  at  fire  danger  stations.  There- 
fore, the  cumulative  danger  index  indicates  the  build-up  of  forest  flamma- 
bllity  above  normal.  An  adjustment  is  made  for  rain:  one  inch  or  more  of 
rain  reduces  the  cumulative  danger  index  to  zero,  and  lesser  rains  in  pro- 
portion. 

Thus,  during  periods  of  normal  fire  weather  the  cumulative  danger 
Index  remains  at  or  near  zero.  During  period  of  drought,  when  above - 
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Figure  k. — Cumulative  danger   Index  curves. 
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normal  burning  Index  Is  measured,  the  cumulative  danger  index  Increases, 
sometimes  to  several  hundred  units,  depending  on  the  daily  burning  in- 
dex and  the  duration  of  the  drought.  Any  appreciable  relief  thereafter 
can  only  come  from  rain. 

As  shown  by  the  graph,  build-up  of  danger  in  the  three  areas  was 
similar.  This  does  not  mean  that  the  job  load  was  the  same  for  each, 
because  many  variables  such  as  fuel  type,  flexibility  and  strength  of 
organization,  and  soundness  of  attack  are  involved.  The  curves  show, 
however,  steadily  worsening  conditions  as  the  season  advanced. 

The  cumulative  danger  index  serves  a  useful  purpose  by  alerting 
fire  control  organizations  when  above  normal  conditions  exist.   It  is 
now  in  general  use  in  the  Northeast  and  in  parts  of  the  Southeast.   On 
the  basis  of  past  records,  woods  have  been  closed  in  the  "compact"  States 
of  New  England  and  New  York  when  the  cumulative  danger  index  averaged  200, 
and  some  areas  have  been  partially  closed  at  100.   Last  fall,  for  example, 
Rhode  Island  woods  were  closed  on  the  day  the  cumulative  danger  index 
reached  193* 

Its  use  also  forewarns  of  dangerous  conditions  during  the  "off 
fire  season"  months  when  fire  control  organizations  are  ordinarily  not 
alerted.  For  example,  in  eastern  Pennsylvania  last  summer  on  the  Hazle- 
ton  Unit  the  cumulative  danger  index  exceeded  200  from  June  12  through 
July  8.  During  this  period  a  partial  tower  system  was  manned  and  ex- 
tended mop-up  and  patrol  was  needed  because  of  deep-burning  fires .  In- 
creased resistance  to  control  was  also  reported  from  this  unit   in  October 
as  the  cumulative  danger  index  mounted  toward  300- 

Similar  reports  from  West  Virginia,  Kentucky,  and  other  sections 
of  the  Northeast  have  suggested  the  need  for  a  method  of  integrating  the 
daily  burning  index  and  cumulative  danger  index  so  that  preparedness 
would  be  stepped  up  during  periods  of  drought.   A  tentative  schedule  for 
doing  this  is  illustrated  by  the  curves  and  recommended  action  shown  in 
figure  5.  The  curves  are  theoretical  and  may  be  modified  as  experience 
dictates,  and  the  action  taken  would,  of  course,  vary  to  fit  local  con- 
ditions. Development  of  the  cumulative  danger  index  and  its  several  uses 
are  largely  the  work  of  collaborator  J.  J.  Keetch,  of  Region  7« 

Fire  Danger  Stations 

Of  the  37^  fire  danger  meters  requested  by  fire  control  agencies 
in  eastern  and  southern  states  and  furnished  by  the  Station  in  1952,  33^, 
or  90  percent,  were  those  with  the  lOO-point  scale.   This  is  strong  indi- 
cation of  preference  for  the  lOO-point  scale  over  the  earlier  types  that 
had  only  a  few  class  gradations.  Nine  out  of  ten  of  the  lOO-point  type 
meters  were  either  type  5  or  type  5-C,  which  give  directly  comparable  in- 
dexes in  the  proportion  of  1  to  2;  the  type  5  is  standard  for  all  the 
northeastern  states  and  the  type  5-C,  for  practical  purposes,  may  now  be 
considered  standard  for  the  southern  group.   The  transition  to  the  new 
type  meters,  which  has  been  progressive  since  their  introduction  in  the 
Northeast  In  19^7,  is  about  complete.   Hence,  fire  danger  ratings  based 
upon  suitably  located  stations  are  now  comparable  from  Maine  to  Texas. 
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Recoimnended  Action 

L0W--NO  fire  control  organization  -  Issue  burning  permits. 
MODERATE — Primary  detection  -  skeleton  organization  -  issue 

burning  permits  with  caution  below  C.D.I,  of  200. 
MEDIUM--Full  detection  -  complete  full-time  organization 

alerted. 
HIGH--Fire  control  organization  at  peak,  strength.      Patrols 

and  standby  crews  on  duty  if  needed  because  of  poor 

visibility  or  other  conditions. 
EXTREME --Emergency  condition  -  use  emergency  plans  augment- 
ing local  facilities. 
Note:  During  periods  of  high  risk,  such  as  hunting  season, 

low  visibility,  etc.,  preparedness  may  be  advanced  one 

step. 


Figure  5. — Integrating  cumulative  danger  index  with  daily  burning  index  (usually  predicted  2h   hours 
ahead).   Some  readers  may  wonder  how  a  low  state  of  preparedness  can  be  Justified  when 
the  cumulative  danger  index  is  up  to  five  or  six  hundred.   This  would  only  occur  on  days 
of  fog  or  light  rain  during  a  long  drought;  the  situation  is  still  potentially  dangerous. 
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This  greatly  facilitates  training  programs,  fire  control  planning,  fire 
damage  appraisals,  and  other  fire  activities  which  can  best  be  done  by- 
sections  or  regions. 

A  considerable  portion  of  the  Division's  effort  diiring  the  year 
went  into  improving  danger  measurements  and  techniques,  supplying  and 
locating  stations,  training  observers  and  inspecting  their  work,  and 
analyzing  records. 

Atmospheric  Stability  and  "Blow-up"  Fires 

In  the  light  of  present  knowledge,  four  essentials  for  severe  and 
erratic  fire  behavior  are:  plentiful  fuels  made  inflammable  by  prolonged 
drought;  dense  conifer  stands;  a  deep  unstable  or  neutrally  stable  atmos- 
phere, the  lowest  few  hundred  feet  of  which  may  be  stable  or  unstable; 
and  a  critical  wind  speed  and  low  wind  shear  (wind  shear  is  the  rate  of 
change  of  wind  speed  with  height).  The  first  two  factors  were  fairly 
well  understood  2  years  ago.  During  1952  much  more  has  been  learned 
about  the  third  factor.  The  possible  importance  of  the  fourth  factor 
has  become  evident  only  within  the  last  year.   Investigations  are  con- 
tinuing to  determine  the  effect  of  low  wind  shear  and  critical  wind  speed 
on  fire  behavior  characteristics,  such  as  whirlwinds  and  updrafts. 

Methods  were  worked  out  in  1952  for  computing  the  temperature  pro- 
file of  an  unstable  atmosphere  from  radiosonde  records. 

There  appear  to  be  at  least  two  meteorological  conditions  asso- 
ciated with  the  instability  of  the  atmosphere  on  those  days  when  unusual 
or  severe  fires  have  occurred.   The  atmosphere  may  be  unstable  in  a  re- 
gion over  which  a  cold  front  is  passing,  in  which  case  the  winds  will  be 
from  the  north  or  northwest.   The  atmosphere  may  also  be  unstable  in  the 
northwest  quadrant  of  a  stagnated  high  pressure  area;  winds  in  that  quad- 
rant would  be  from  the  south  or  southwest. 

The  most  important  development  during  1952  concerned  the  heat  en- 
gine analogy.   This  thermodynamic  analysis  has  not  yet  been  completed, 
but  has  either  answered  or  indicated  the  answer  to  some  of  the  more  dif- 
ficult problems  of  the  study,  such  as  the  source  and  magnitude  of  the  un- 
usual turbulent  energy  of  severe  fires  and  the  reasons  why  some  of  the 
worst  fires  occur  at  night.   Most  of  the  turbulent  energy  comes  from  the 
conversion  of  a  fire's  heat  or  thermal  energy  into  the  kinetic  or  turbu- 
lent form.   The  energy  conversion  process  occurs  in  the  convection  column 
above  the  fire,  but  it  can  take  place  on  a  large  scale  only  when  certain 
stability  conditions  exist  in  the  atmosphere. 

The  heat  engine  concept  gives  us  a  better  picture  of  the  "blow-up" 
process  as  well  as  a  better  understanding  of  the  more  general  problem  of 
the  relation  of  the  behavior  of  any  fire,  large  or  small,  to  the  proper- 
ties of  the  surrounding  atmosphere. 
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FOREST  UTILIZATION  SERVICE 


The  reduction  of  wood  waste  keynoted  the  activities  of  the  Forest 
Utilization  Service  in  1952.   Since  it  was  a  busy  year  for  southeastern 
wood-using  industries,  demands  on  the  forests  were  heavy,  resulting  in 
more  interest  than  ever  in  utilizing  waste  material. 

In  the  interest  of  reducing  waste  and  improving  the  amount  of 
usable  lumber,  four  short  courses  in  sawmilling  were  conducted  during  the 
year  and  numerous  sawmills  were  advised  on  proper  methods  of  logging,  grad- 
ing, sawing,  and  seasoning  lumber  and  wood  products. 

By  sorting  logs  for  their  best  use,  waste,  costs,  and  manpower  can 
be  reduced.  An  extensive  study  was  made  of  factors  affecting  the  quality 
of  southern  hardwood  veneer  logs  and  blocks.  This  included  photographs 
of  the  defects  on  the  surface  of  the  veneer  logs  and  subsequent  photographs 
of  the  defects  as  the  veneer  was  peeled  down  1  inch,  2  inches,  3  inches, 
and  on  to  the  center  of  the  logs.   This  research  is  the  first  step  in  the 
development  of  veneer  log  grades  which  will  be  vastly  helpful  in  producing 
better  products  at  lower  cost.  Two  schools  were  conducted  to  teach  forest- 
ers and  industry  representatives  the  methods  of  grading  hardwood  and  pine 
logs  and  trees.   The  hardwood  log  grades  were  simplified  and  reduced  to  a 
grading  stick  so  that  an  inexperienced  person  can  readily  compute  the 
grade  of  the  log  from  the  information  given  on  the  stick. 

As  a  direct  result  of  the  pine  log  grading  school,  one  company  had 
its  research  foi^ster  carefully  grade  several  hundred  pine  logs  and  fol- 
low them  through  the  mill,  tallying  the  grade  and  footage  obtained  from 
each  log.   The  Station  is  cooperating  in  an  analysis  of  the  data  obtained, 
since  valuable  grade-yield  information  can  be  derived  while  assisting  the 
company  in  the  evaluation  of  the  grading  system. 

A  straw  in  the  wind  was  a  forestry  workshop  held  in  western  North 
Carolina  in  1952  at  which  approximately  ^0   teachers  from  the  grammar  and 
high  schools  of  North  Carolina  spent  6  weeks  accumulating  information 
that  they  could  pass  on  to  the  next  generation  of  citizens.   Forest  utili- 
zation men  conducting  courses  at  the  workshop  were  impressed  by  the  teachers ' 
interest  in  wood  utilization  and  their  concern  for  greater  use  of  the  slabs, 
edgings,  sawdust  and  tree  laps  that  accumulate  each  year  in  the  Southeast. 

In  more  than  a  hundred  visits  to  wood-using  industries  during  1952, 
every  effort  was  made  to  call  attention  to  wood  waste  and  to  point  out 
methods  where  savings  could  be  made,  not  only  in  wood  but  in  manpower  and 
money.   Faulty  seasoning  is  a  very  common  cause  of  unnecessary  loss,  and 
in  nearly  every  plant  visited  some  advice  could  be  given  on  improved  methods 
in  the  air-drying  yard  or  in  the  dry  kiln.  Much  time  was  spent  with  dry 
kiln  operators  in  meetings  and  at  plants  to  give  them  the  latest  dry  kiln 
schedules  and  the  best  methods  for  drying  wood  safely  without  degrade. 
Quality  control  systems  were  recommended  so  that  these  difficulties  could 
be  discovered  and  corrected  at  the  plant  rather  than  in  the  home  of  the 
purchaser  of  the  wood  product,  where  the  only  result  would  be  to  give  wood 
a  bad  name. 
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For  a  number  of  years  experiments  have  been  made  to  develop  an 
automatic  furnace  using  low  grade  and  waste  wood  to  cure  tobacco.  The 
model  developed  in  1950  was  built  on  two  additional  farms  this  year. 
One  operator  liked  it  so  well  that  he  is  making  plans  to  market  the  fur- 
nace next  year.  A  report  has  been  prepared  on  the  progress  of  this  work 
and  will  be  published  shortly.  Although  the  wood-burning  furnace  proved 
satisfactory,  the  furnace  fired  by  sawdust  continues  to  give  some  diffi- 
culty at  high  temperatures  and  work  must  be  continued  for  another  year 
before  it  can  be  recommended. 

Another  source  of  waste  is  found  in  the  trees  bypassed  in  the  for- 
ests by  loggers  because  of  market  conditions,  ignorance,  or  prejudice. 
The  hickories,  some  of  the  red  oaks,  some  of  the  white  oaks,  and  others 
which  are  inherently  good  woods  and  a  source  of  added  raw  materials  for 
industry  are  discriminated  against  primarily  because  of  lack  of  knowledge 
as  to  how  to  use  them.   In  addition  to  the  Forest  Products  Laboratory, 
the  State  forestry  schools  and  industry  have  been  enlisted  in  the  research 
program  to  solve  this  problem.  The  Forest  Utilization  Service  has  empha- 
sized assistance  to  an  industry  that  is  attempting  to  utilize  hickory  or 
one  of  the  other  species  that  most  operators  either  leave  in  the  woods  or 
poison.   The  ground  work  has  been  laid  for  a  task  force  approach  on  the 
utilization  of  hickory  and  during  the  next  few  years  approximately  30  re- 
ports will  be  prepared  by  the  Station  and  cooperators  to  summarize  all 
information  available  on  this  species.   In  addition,  research  will  be         ■ 
started  to  fill  the  gaps  of  knowledge. 

Utah  and  alligator  juniper  logs  from  the  Southwest  were  shipped 
into  the  territory  to  a  firm  that  manufactures  cedar  chests  from  eastern 
red  cedar.  These  western  species  were  cut  into  veneer  to  see  if  they 
might  be  used  as  a  substitute  for  the  eastern  red  cedar.   Although  the 
color  and  odor  were  not  satisfactory  for  use  in  cedar  chests  and  similar 
items,  it  was  found  that  the  species  veneered  very  well  and  might  find 
uses  in  furniture  or  containers.   The  results  of  this  study  may  lead  to 
new  industries  in  the  Southwest. 

The  main  tool  of  foresters  in  the  past  for  controlling  growth  and 
quality  of  wood  has  been  environment.  Foresters  are  finding  a  new  tool 
in  genetics.   The  old  argument  of  the  part  played  by  heredity  as  against 
that  played  by  environment  applies  to  trees  as  well  as  people,  but  most 
authorities  agree  that  it  will  be  necessary  to  consider  both  if  best  re- 
sults are  to  be  obtained.   The  pulp  industry  is  vitally  interested  in 
this  question  of  growth  and  quality  and  the  part  that  genetics  might  play 
in  the  picture.   During  1952  field  reconnaissance  indicated  that  great 
possibilities  lie  in  this  field.   Plans  are  being  made  to  determine  fiber 
qualities  that  are  most  desirable  for  the  pulp  industry  and  to  follow 
through  in  learning  how  to  obtain  these  fiber  qualities  by  manipulating 
environment  and  heredity. 

The  entire  field  of  wood  preservation  in  the  Southeast  has  taken 
on  new  life.   Small  hot-and-cold  bath  treating  plants  are  springing  up 
in  many  parts  of  the  South  to  provide  treated  fence  posts  in  an  expanding 
grazing  program.   Even  the  large  pressure-treating  plants  are  going  after 
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this  market  and  are  now  treating  fence  posts  in  quantity  and  marketing 
them  at  a  reasonable  price.   Cheaper  post  treatments  with  shorter  life 
expectancy  than  pressure-treated  creosote  posts,  are  being  provided  by 
the  salt  treating  agencies.   A  brand  new  process  developed  by  the  Taylor- 
Colquitt  Company  in  South  Carolina  provides  a  post  treated  with  copper 
naphthenate  or  pentachlorophenol  that  removes  the  preservative  carrier 
by  vapor  drying,  leaving  a  treated  material  so  clean  it  can  be  handled, 
painted,  or  finished  naturally  with  the  only  evidence  of  its  treatment 
being  its  resistance  to  decay  and  termites.   Realizing  the  importance 
of  wood  preservation  in  the  Southeast,  the  Forest  Utilization  Service 
designed  and  assisted  in  presenting  the  first  wood  preservation  short 
course  to  be  given  in  this  region.   Foresters  from  the  State  Forest  Ser- 
vice and  the  Extension  Service  took  the  course;  now  they  can  serve  as  re- 
tailers to  pass  the  information  on  to  hundreds  of  persons  interested  in 
the  subject.   The  reception  to  this  short  course  was  so  encouraging  that 
it  will  probably  be  repeated  in  several  southeastern  states  next  year. 

During  1952  a  start  was  made  in  a  detailed  analysis  of  the  pro- 
blems of  the  Southeastern  States  in  wood  utilization.   Because  of  the 
immensity  of  this  job  one  research  center  area  in  the  territory  will  be 
studied  at  a  time  and,  working  in  cooperation  with  the  research  center 
leader,  a  report  will  be  prepared  on  the  problems  in  wood  utilization 
in  that  section.   This  report  will  serve  as  a  guide  to  the  research  cen- 
ter leader  as  well  as  to  the  Forest  Utilization  Service.   When  all  re- 
search center  wood  utilization  problem  analyses  have  been  prepared,  which 
may  take  3  "to  5  years,  it  will  be  possible  to  prepare  a  general  wood  utili- 
zation problem  analysis  for  the  entire  Southeastern  States. 


GRAZING  FOREST  LANDS 


Efficient  utilization  of  the  forage  resource  for  additional  income 
and  fire  protection  in  Coastal  Plain  pinelands  is  the  objective  of  the 
Station's  grazing  research.   All  grazing  studies  are  conducted  coopera- 
tively with  other  federal  and  State  agencies. 

Cane  Range 

Our  previous   research   in  cooperation  with  the  North  Carolina  Agri- 
cultural Experiment  Station  has   shown  that  grazing  in  the  cane  type   can 
be  profitable   to   the   cattleman  as  well  as  beneficial  to   the  forest.      Re- 
cent  studies  have  been  concerned  with  problems  of   forage    and  cattle  man- 
agement . 

Best  grazing  rates. --Utilization  of  55-60  percent   of  the  total  cane 
herbage   is   the   maximum  degree  of  use   commensurate  with  sustained  yields   of 
forage   and  beef  under   continuous   summer  grazing.      This   is   one   conclusion 
from  cooperative   studies  being  published  as    a  North  Carolina  Agriciiltural 
Experiment   Station  Bulletin.      On  highly-productive  treeless   range,    this   de- 
gree  of  use  was   obtained   at   a  stocking  rate  of   2.8   acres   per  cow  and  calf 
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for  a  G-I/2   to  7-month  grazing  season.  With  daily  gains  of  0.6  pound  per 
cow  and  1.1  pounds  per  calf,  total  annual  production  averaged  111  pounds 
of  gain  per  acre  at  this  rate  of  stocking.   Although  heavier  grazing  tem- 
porarily yielded  higher  weight  gains  per  acre  (up  to  1^8  pounds),  gains 
per  animal  were  lower  and  forage  production  declined.   Moderate  grazing 
also  appeared  desirable  from  the  viewpoint  of  fire  hazard.  Although  re- 
duction in  fire  hazard  was  roughly  proportional  to  the  degree  of  grazing 
over  a  relatively  short  period,  indications  were  that  continued  over- 
grazing in  summer  would  soon  kill  the  cane  and  allow  it  to  be  replaced 
by  weeds  that  are  more  inflammable. 

Cattle  performance. --Winter  management,  range  quality,  and  breed 
of  cattle  affect  productivity  of  range  herds.   Wintered  under  adequate 
farm  conditions,  but  depending  entirely  upon  cane  range  for  8  to  9  months, 
grade  Hereford  cows  in  the  study  referred  to  above  weaned  350-  to  400-pound 
calves  and  consistently  produced  85  to  90  percent  calf  crops  over  a  6-year 
period.   When  maintained  yearlong  on  less  productive  range,  calves  of  simi- 
lar Hereford  cows  have  averaged  only  27I  pounds  at  weaning  time  the  past  2 
years.   However,  calves  of  Brahman -Hereford  and  Africander-Hereford  cross- 
bred cows  have  averaged  38?  and  336  pounds,  respectively,  under  the  same 
conditions.   Apparently  inadequate  nutritional  levels  on  winter  range  have 
limited  calf  crops  to  an  average  of  50-percent  for  the  2  years.   Winter 
management  of  range  herds  is  receiving  additional  attention  in  the  present 
program. 

Wiregrass  Range 

The  value  and  limitations  of  native  forage  in  longleaf -slash  pine 
flatwood  forests  have  been  fairly  well  established  in  our  past  research 
with  the  Georgia  Coastal  Plain  Experiment  Station,  and  are  summarized  in 
pending  State  and  federal  publications. 

Although  burning  improves  grazing  values,  forage  quality  is  not  ade- 
quate to  satisfy  the  requirements  for  lactation  and  for  reproduction  at  the 
same  time.   Consequently,  50-percent  calf  crops  and  275-pound  calves  are 
about  all  that  can  be  expected  from  herds  depending  primarily  on  this  kind 
of  native  range.   A  minimum  level  of  fall  and  winter  supplementation  to  pre- 
vent starvation  death  losses  is  approximately  1  pound  of  protein  meal  per 
head  per  day  after  October  I5,  and  dry  lot  maintenance  on  hay  or  chopped 
sugarcane  plus  protein  meal  from  February  1  until  burned  range  is  ready  to 
graze  in  mid -March.   Recent  studies  have  explored  possibilities  for  improv- 
ing cattle  production  by  supplementing  native  range  in  summer. 

Supplementing  forest  range  in  summer. --Effects  of  supplementing  sum- 
mer range  with  protein  meal  have  been  studied  5  years,  and  the  use  of  im- 
proved pasture  as  range  supplement  has  been  tested  2  years. 

Supplemental  protein  feed  increased  calf  weaning  weights  65  pounds 
(360  vs.  295),  and  the  percentage  calf  crop  9  percent  {Gh  ys.    55)-   In  addi- 
tion, summer  gains  of  nursing  cows  were  increased  77  pounds,  and  dry  cows 
53  pounds.   Approximately  25O  pounds  of  supplement  were  fed  per  cow  (2  pounds 
per  day  during  the  breeding  season  and  1  pound  thereafter)  plus  90  pounds  per 
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calf.   This  supplemental  feeding  was  practical  only  for  nursing  cows  be- 
cause dry  cows  usually  "bred  successfully  without  summer  supplement,  and 
they  lost  most  of  the  extra  summer  gain  during  the  fall  and  winter. 

Improved  pasture  is  apparently  better  than  protein  feed  for  sup- 
plementing native  range,  according  to  preliminary  results  of  tests  ex- 
ploring methods  of  integrating  pasture  and  range  for  most  efficient  use 
of  the  cheap  native  forage.   Compared  with  herds  on  unsupplemental  range, 
transferring  range  cows  to  improved  pasture  (I-I/2  acre  per  cow)  after 
July  1  increased  average  calf  weights  I56  pounds  at  weaning  time.   A 
limited  amount  of  pasture  ( 1/2  acre  per  cow)  plus  range  during  the  same 
period  was  also  effective  -  129  pounds'  increase.   In  comparison,  calf 
weights  these  years  were  increased  only  56  pounds  by  supplementing  the 
range  with  protein  meal  (3^0  pounds  per  cow  and  calf  over  a  6-month 
period).   In  range  herds  receiving  no  summer  supplement,  weaning  weights 
averaged  3OO  pounds  for  these  two  years.   Evaluating  the  calves  at  25 
cents  per  pound,  and  deducting  the  cost  of  feed  and  pasture  (establish- 
ment and  maintenance  only) ,  shows  increased  returns  per  calf  from  the 
supplements  as  follows:   limited  pasture  $25;  full  pasture  $l8;  protein 
meal  $6.   A  limited  amount  of  supplemental  improved  pasture  has  been 
more  effective  when  reserved  until  midsummer  than  when  it  has  been  con- 
tinuously available,  spring  to  fall.   Continuous  close  grazing  apparently 
reduced  forage  yields  and,  consequently,  cattle  gains.   The  improved  pas- 
ture in  these  tests  was  a  mixture  of  Louisiana  white  clover  and  Dallis- 
grass. 

Improving  range  forage .--Past  studies  have  shown  that  Improved 
forage  species  can  be  Introduced  successfully  into  forest  range.   Legumes 
require  no  seedbed  preparation  other  than  burning  the  native  sod  and  graz- 
ing the  regrowth,  but  disking  or  chopping  is  desirable  for  introduced 
grasses.  Although  most  improved  species  require  fertilization,  the  re- 
quirements of  some,  such  as  lespedeza  and  carpetgrass,  are  lower  than 
others  such  as  big  trefoil  and  Dallisgrass. 

Relative  returns  from  "high  level"  improvement  with  big  trefoil 
and  Dallisgrass,  versus  "low  level"  improvement  with  lespedeza  and  carpet- 
grass  have  been  tested  2  years  with  yearling  cattle.  Weight  gains  per 
acre  have  averaged  I5I  pounds  on  big  trefoil-Dallisgrass  ranges,  and  75 
pounds  on  lespedeza-carpetgrass  ranges.   These  gains  are  directly  propor- 
tional to  the  rates  of  fertilization,  ^00  and  200  pounds  per  acre  annually. 
Comparable  gains  on  unimproved  range  were  approximately  20  pounds  per  acre. 
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2/ 
FOREST  PATHOLOGY-^ 


Littleleaf  Disease  of  Pine 

Twelve  years  of  research  on  littleleaf  has  been  summarized  in  a 
technical  bulletin  manuscript  to  be  published  in  1953*   The  theory  is 
developed,  supported  by  much  experimental  evidence,  that  littleleaf 
results  primarily  from  a  nitrogen  deficiency  of  the  tree  due  to  the 
killing  of  fine  roots  by  the  fungus  Phytophthora  clnnamomi  under  condi- 
tions of  poor  subsoil  drainage.   A  field  method  has  been  developed  for 
predicting  the  littleleaf  potential  of  a  site,  based  on  simple  soil  cri- 
teria.  Cutting  practices  to  minimize  littleleaf  losses  have  also  been 
formulated. 

Programs  on  selection  and  breeding  for  littleleaf  resistance  In 
shortleaf  pine  and  on  the  testing  of  12  geographic  lines  in  3  states, 
for  resistance,  were  started  in  1952.   The  developments  indicated  above 
are  aimed  at  making  use  of  our  considerable  fund  of  knowledge  on  this 
disease  in  either  predicting  where  losses  will  occur  or  in  preventing 
and  reducing  losses. 

Oak  Wilt 

Additional  surveys  bring  the  total  counties  where  oak  wilt  has 
been  found  in  the  Southeast  to  the  following:   West  Virginia,  22;  Vir- 
ginia, 1;  Kentucky,  3;  Tennessee,  6;  and  North  Carolina,  3.   This  is  an 
increase  of  8  counties  over  1951-   The  disease  appears  to  be-  spreading 
slowly  in  the  Southeast. 

The  causal  fungus  fruits  abundantly  under  the  bark  of  some  diseased 
trees,  and  Insects  coming  in  contact  with  the  spores  are  potential  agents 
of  spread.  Twenty-three  oak  wilt  trees  were  felled,  and  certain  logs  of 
each  tree  were  barked,  some  left  unbarked,  some  sprayed  with  insecticide- 
fungicide  mixtures,  and  some  unsprayed.   Spraying  logs  with  the  bark  on 
very  greatly  reduced  Insect  activity  under  the  bark  and  on  the  fungus  mats 
themselves,  for  the  first  several  months.   Barking  completely  prevented 
the  formation  of  fungus  mats  and  bark  and  cambium  Insect  activity. 

Miscellaneous  Pathology  Developments 

Mimosa  wilt . --Mimosa  seedlings  dipped  for  2k   hours  in  solutions  and 
then  Inoculated  showed  the  following  survival  percentages  from  wilt  at  the 
end  of  the  summer:   Dithane  (0-1^+)  92^,  Vancide  (51)  62^,  Systox  22^,  C-l62 
20^,  Fermate  12^,  C-1207  10^,  Orthocide-i+06  10^,  oxyquinoline  benzoate  10^, 
water  5^»   Dithane  and  Vancide  look  particularly  promising  for  further  work. 


2/  Report  of  the  Division  of  Forest  Pathology,  Bureau  of  Plant 
Industry,  Soils,  and  Agricultural  Engineering,  in  cooperation  with  the 
Southeastern  Forest  Experiment  Station. 
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Needle  cast. --The  ability  of  Hypoderma  lethale  to  cause  spring 
needle  blight  has  been  demonstrated  by  inoculation. 

Fomes  anno s us. --This  fungus,  which  causes  the  most  serious  coni- 
fer plantation  disease  in  Europe,  and  has  caused  root  and  butt  rot  else- 
where in  the  U.  S.,  has  been  found  causing  extensive  root  rot  and  bark 
killing  at  the  root  collar  in  a  I5 -year-old  slash  pine  plantation  in 
South  Carolina. 

New  Virginia  pine  rust. --This  stem  rust,  described  for  the  first 
time  last  year,  has  been  found  in  additional  areas  in  Virginia  and 
Tennessee.  At  this  time  it  is  not  regarded  as  a  threat  to  this  species 
although  it  kills  trees,  and  its  alternate  host,  if  it  has  one,  is  not 
known . 

White  pine  blister  rust  (B.E.P.Q.  cooperating) . --A  1-acre  study 
plot  in  a  rusted  stand  in  Ashe  County,  North  Carolina,  at  elevation  of 
about  3500  feet,  shows  what  the  rust  can  do  this  far  south. 

Table  $. --Blister  rust  mortality  on  a  study  plot  in  North  Carolina 


Tree  size  in  19^6 

Total 
trees 

Dead  due  to  blister  rust 

19^6  :  1948  :  195 0  :  1952 

Over  10  feet  high 
1-10  feet  high 
Under  1  foot  high 

No. 

117 
100 

Percent  Percent  Percent  Percent 

1       2       i^       8 
1      6      15      32 
0        2        2        8 

Naval  stores  pathology. --Heavy  pitch-soaking  of  the  wood  of  cer- 

tain  slash  and  longleaf  pines  resulted,  in  a  single  year,  from  certain 
combinations  of  wounding  and  fusarium  inoculation,  and  further  trials 
were  installed.  All  the  work  on  prolonging  gum  flow  and  on  pitch-soak- 
ing wood  by  fungus  inoculation  for  the  past  3  years  has  been  brought 
together  in  a  single  report. 

Blight  resistant  chestnuts. --A  large  number  of  demonstration 
plantings  of  high-quality  Chinese  chestnuts  planted  on  good  sites  have 
been  established  throughout  the  Southeast,  as  far  south  as  Florida. 

Service  to  the  Navy. --Much  of  the  time  of  one  man  during  1952  has 
gone  toward  the  inspection  and  treatment  of  wooden  boats  for  decay  and 
in  dehumidification  experiments  at  several  yards  and  bases. 

Disease  inquiries. --A  tally  of  inquiries  shows  283  were  handled 
in  1953,  as  compared  with  233  in  1951^  exclusive  of  special  surveys. 
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3/ 
BLISTER  RUST  CONTROL^' 


Blister  Rust  Control  operations  are  on  a  maintenance  basis  In 
Georgia,  North  Carolina,  South  Carolina  and  Tennessee.   Only  periodic 
re -examinations  of  control  areas  to  keep  abreast  of  ecologic  changes   <  / 
and  other  factors  that  may  adversely  affect  the  current  status  of  Ribes— 
suppression  in  these  states  will  be  required.   In  Virginia  and  West  Vir- 
ginia, where  Ribes  are  more  generally  found,  suppression  work  must  be 
continued  on  313^000  acres,  since  the  number  of  bushes  occurring  on  this 
acreage  has  not  been  reduced  to  the  maintenance  standard. 

Blister  rust  is  being  found  in  more  and  more  isolated,  unprotected 
areas  in  North  Carolina  and  Tennessee.  It  is  found  generally  in  Virginia 
and  West  Virginia  where  Ribes  grow  in  association  with  white  pine. 

The  accelerated  planting  program  in  the  Southern  Appalachian  States 
places  increased  responsibility  on  individuals  and  agencies  where  white 
pine  is  involved.  These  groups  should  make  every  effort  to  determine 
whether  gooseberries  or  currants,  both  wild  and  cultivated,  are  growing 
within  900  feet  of  planting  sites.  Failure  to  take  this  precaution  can 
result  in  complete  loss  of  plantations  of  white  pine  if  Ribes  are  present. 
Blister  Rust  Control  personnel  of  the  Bureau  of  Entomology  and  Plant  Quar- 
antine at  Asheville,  North  Carolina,  Pipestem,  West  Virginia,  and  Harrison- 
burg, Virginia,  will  gladly  furnish  information  regarding  Ribes  distribu- 
tion in  the  control  area  and  make  recommendations  regarding  questionable 
sites  prior  to  planting. 


3/  Report  of  the  Division  of  Blister  Rust  Control,  Bureau  of  Ento- 
mology and  Plant  Queirantine,  in  cooperation  with  the  Southeastern  Forest 
Experiment  Station. 

V  Wild  and  cultivated  currants  and  gooseberries,  which  are  alter- 
nate host  for  white  pine  blister  rust  fungus. 


-3^- 


I 


5/ 


FOREST  INSECT  CONDITIONS  IN  TEE  SOUTHEAST  DURING  1952^' 


The  desire  for  more  information  on  forest  insect  losses  in  the 
Southeast  and  methods  of  reducing  these  losses  has  demanded  increased 
attention  during  the  past  few  years.  Foresters  and  woods  workers  in 
this  area  have  been  alerted  through  training  sessions,  correspondence 
and  personal  contact  to  watch  for  insect  outbreaks.  Report  forms,  mail- 
ing tubes  and  instructions  pertaining  to  the  collection  of  insects  have 
been  provided  for  reporting  serious  or  unusual  insect  activity.   All  re- 
ports received  by  entomologists  at  this  laboratory  have  been  investigated 
and  control  methods  recommended,  when  such  were  indicated  or  available. 
The  increased  number  of  reports  of  insect  activity  indicates  that  in- 
creased cooperation  and  coverage  is  being  obtained  each  succeeding  year. 

Southern  Pine  Beetle 

The  southern  pine  beetle,  Dendroctonus  frontalis,  outbreak  in 
loblolly  pine  which  occurred  during  1951  in  southeastern  North  Carolina 
has  abated. 

During  1952,  reports  of  infestation  were  received  and  investigated 
from  every  State  in  the  Southeast.   An  owner  near  Cheraw,  South  Carolina, 
lost  about  10,000  board  feet  In  May  1952,  where  infested  trees  were  cut 
and  burned.   Loss  of  about  30,000  board  feet  of  shortleaf  pine  in  Leslie 
County,  Kentucky,  continued  in  1952  but  the  infestation  appeared  to  be 
declining.   The  principal  control  in  Kentucky  is  apparently  being  effected 
by  the  pileated  woodpecker.   Supplementary  control  measures  consisted  of 
locating  infested  trees  from  the  air  and  detailing  crews  to  locate,  cut 
and  burn  them.  During  August  1952,  an  infestation  near  Franklin,  Virginia 
was  investigated  in  which  approximately  25,000  board  feet  of  loblolly  pine 
was  killed.   Infestations  had  built  up  slowly  adjacent  to  lightning-struck 
pines  and  had  not  spread  rapidly.  All  wood  down  to  a  3-inch  diameter 
limit  was  utilized  and  the  bark  burned.  During  this  same  month  an  attack 
on  5-10  acres  of  loblolly  pine  near  Wilma,  Florida,  was  investigated. 
Those  trees  which  still  contained  broods  were  sprayed  with  O.5  percent 
gamma  benzene  hexachloride  in  fuel  oil.  An  attack  on  several  hundred 
trees  occurred  in  the  Great  Smoky  Mountains  National  Park  in  September. 
Infested  trees  were  cut  and  treated  with  orthodichlorobenzene  in  fuel  oil. 
An  infestation  of  about  one -third  acre  was  observed  near  Marion,  North 
Carolina,  in  October,  and  about  60  acres  containing  approximately  300,000 
boaxd  feet  in  40  beetle-killed  areas  of  shortleaf  and  Virginia  pine  were 
detected  during  this  same  month  on  the  Tallulah  Ranger  District  in  Georgia. 
Salvage  cutting  with  destruction  of  the  slabs  was  recommended. 

Black  Turpentine  Beetle 

The  black  turpentine  beetle,  Dendroctonus  terebrans,  as  in  the 
previous  two  years  continued  to  attack  and  kill  a  considerable  volume  of 


5/  Report  of  the  Division  of  Forest  Insect  Investigations,  Bureau 
of  Entomology  and  Plant  Quarantine,  in  cooperation  with  the  Southeastern 
Forest  Experiment  Station. 

-35- 


pine  in  northcentral  axid  northeastern  Florida.   In  northeastern  Florida 
three  general  zones  of  Infestation  totaling  ^3,000  acres  were  located. 
Within  these  zones  about  10,000  acres  was  estimated  to  have  been  at- 
tached rather  severely,  with  some  individual  gum  producers  losing  as 
high  as  40  percent  of  the  total  number  of  stems  in  portions  of  their 
most  heavily  turpentined  stands.   In  November  it  was  determined  that 
attacks  decreased  by  78  percent  in  the  older  centers  of  infestation 
during  the  latter  half  of  the  year.  About  6,500,000  board  feet  was 
killed  by  Ips  and  the  black  turpentine  beetle  combined  during  1952  in 
this  area.   Of  this  amount,  about  5,000,000  board  feet  was  salvaged. 

In  one  area  in  northcentral  Florida  the  attacks  have  continued 
unabated  with  little  indication  of  any  decrease  in  activity  on  about 
9000  acres.   The  attacks  are  concentrated  on  about  ii500  acres  of  slash 
pine  in  so-called  pond  areas.   Trees  in  these  areas  were  operated  for 
naval  stores  until  the  present  infestation  started  in  1950.  Because  of 
the  aggressive  nature  of  the  infestation,  the  area  is  being  clear  cut, 
leaving  seed  trees.   Three  million  board  feet  of  the  expected  cut  of 
about  13  million  board  feet  is  estimated  to  have  been  attacked  during 
1952  by  the  black  turpentine  beetle. 

Ips  Beetles 

Infestations  by  Ips  beetles  continued  to  exact  as  heavy  a  toll 
of  pine  timber  in  1952  as  they  did  in  1951*   The  areas  of  severest  at- 
tack occurred  across  northern  Florida  and  southern  Georgia,  where  it 
was  common  to  observe  mile  after  mile  of  dead  and  dying  pines  along 
the  roads.   Pines  in  the  vicinity  of  pulp  mills,  as  well  as  those  af- 
fected by  drought  and  fire,  were  especially  susceptible  to  attack.   In 
1951  it  was  estimated  that  126  million  board  feet  of  pine  were  killed 
on  commercial  forest  lands  by  Ips  in  the  Southern  Region  of  the  Forest 
Service.   Of  this  amount  about  60  million  board  feet  was  estimated  to 
have  been  killed  in  the  Southeastern  States.   An  equal  or  greater  amount 
is  believed  to  have  been  killed  during  1952.   Due  to  the  nature  of  attack, 
by  this  beetle,  it  is  impossible  to  obtain  accurate  loss  information 
figures.  Attacks  by  this  beetle  are  generally  scattered  over  a  few  trees 
to  the  acre.   The  Southeast  has  approximately^  62  million  acres  of  commer- 
cial coniferous  type  subject  to  attack  from  Ips  beetles. 

The  Pine  Needle  Aphid 

An  aphid- like  Insect,  Pineus  pinifoliae,  of  the  family  Chermidae, 
infested  approximately  30,000  acres  of  eastern  red  spruce  along  the  tops 
of  the  Southern  Appalachians  during  May  and  June  1951-   Adults  of  these 
insects  flew  to  white  pine,  the  alternate  host,  where  they  oviposited  on 
the  needles.  When  the  eggs  hatched,  the  crawlers  attacked  the  new  growth 
of  white  pine  by  piercing  the  twig  with  their  mouth  parts.   Killing  of 
the  terminals  of  white  pine  in  localized  areas  resulted.   Observations 
were  continued  in  1952  to  determine  whether  additional  damage  occurred       || 
in  the  spring  when  the  crawlers  resumed  feeding.   No  additional  damage 
was  noted.   Survival  of  the  crawlers  over  the  winter  was  estimated  at 
less  than  one -tenth  of  one  percent.   Observations  on  damage  to  white 
pine  were  made  in  areas  which  were  heavily  attacked.   Understory  and 
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suppressed  white  pine  were  killed,  while  dominant,  codominant  and  inter- 
mediate trees  survived.   In  instances  where  trees  were  heavily  attacked 
and  survived,  the  lower  branches  were  generally  killed. 

Nantucket  Pine  Moth 

The  Nantucket  pine  moth,  Rhyacionia  frustrana,  continued  to  be  a 
serious  pest  of  loblolly  pine  plantations  and  reports  indicated  that 
damage  was  more  severe  in  1952  than  in  previous  years.   The  entire  lower 
Piedmont  and  upper  Coastal  Plain  areas  of  Georgia,  North  Carolina  and 
Virginia  were  seriously  affected.   One  block  of  about  5OO  acres  near 
Americus,  Georgia,  had  practically  every  tip  hit  on  trees  from  a  few 
feet  to  20  feet  tall.   In  several  cases  R.  rigidana  has  been  found  in 
association  with  R.  frustrana.  R.  rigidana  will  attack  tips  of  pine 
trees  of  practically  any  height. 

Loopers 

Defoliation  of  hardwoods,  especially  oak  and  hickory  on  about 
li^-,000  acres  in  western  North  Carolina  occurred  in  May  1952.   Several 
species  of  loopers  including  Alsophila  pometaria,  Erannis  tiliaria,  and 
Phigalia  titea  (Geometridae)  were  found  defoliating  black  locust,  red 
gum,  red  maple,  sourwood,  and  dogwood  as  well  as  oak  and  hickory.   On 
heavily  defoliated  areas  only  the  leaf  midribs  remained.   Thirty-three 
areas  of  defoliation  varying  in  size  from  k-0   to  I9OO  acres  were  reported 
or  observed.  These  were  concentrated  principally  along  the  ridges  south 
of  the  line  separating  Haywood  from  Jackson  and  Transylvania  Counties. 
The  defoliated  trees  put  out  a  second  set  of  leaves  during  the  months  of 
June  and  July. 

Miscellaneous  Forest  Insects 

A  pine  sawfly,  Neodiprion  americanus,  was  reported  in  February 
1952  as  causing  severe  defoliation  to  pond,  longleaf ,  and  slash  pine 
near  Folkston,  Georgia.   Investigation  revealed  that  about  10  acres  of 
pine  had  been  defoliated.   Heaviest  defoliation  occurred  on  pond  pine 
which  in  many  cases  were  completely  stripped  of  needles.  By  early  April 
the  buds  had  burst  and  the  trees  were  putting  out  new  needle  growth. 

Early  in  June  this  same  species  was  reported  as  causing  severe 
defoliation  to  loblolly  pine  along  the  coast  of  Virginia.   Loblolly  pine 
35-55  feet  tall  were  being  stripped  of  their  old  needles  by  this  sawfly. 
The  new  foliage  which  had  been  put  out  by  the  trees  during  1952  was  not 
attacked.  Areas  of  infestation  in  Virginia  varying  in  size  from  1  to  5 
acres  were  reported  from  Ware  Neck,  west  of  Mob jack,  east  of  Mathews, 
Gwynn  Island,  northeast  of  Heathsville,  west  of  Lewisetta  and  near  Cole 
Point. 

The  locust  leaf  miner,  Chalepus  dorsalis,  in  1952  again  caused 
severe  browning  and  defoliation  of  the  foliage  of  black  locust  through- 
out the  Southern  Appalachians.  Browning  of  foliage  was  observed  in 
eastern  Tennessee  and  Kentucky  during  the  early  part  of  July.  Browning 
of  leaves  in  western  North  Carolina  was  not  common  until  the  early  part 
of  August.   This  defoliation  is  not  considered  serious. 


-37- 


The  mimosa  webworm,  Homadaula  alblzzlae^  continued  to  cause  severe 
defoliation  of  honey  locust  and  mimosa  in  several  localities  in  North  Caro- 
lina.  It  was  also  reported  as  causing  heavy  defoliation  in  several  locali- 
ties in  South  Carolina. 

The  pin  oak  sawfly,  Caliroa  llneata,  which  was  reported  as  heing 
present  in  the  State  of  North  Carolina  in  1951  for  the  first  time,  did  not 
increase  during  1952. 

About  250  acres  of  turkey  oak  were  completely  defoliated  in  Bladen 
County,  North  Carolina  in  September  by  the  variable  oak  leaf  caterpillar, 
Heterocampa  manteo.  Heavy  defoliation  of  blackjack  oak  in  Aiken  and  Lex- 
ington  Counties,  South  Carolina  was  also  reported.   This  species  often 
causes  sporadic  outbreaks  in  the  hardwood  forests. 

The  gregarious  oak  leaf  miner,  Cameraria  cincinnatiella,  became 
abundant  in  Gaston  County,  North  Carolina  in  August  on  chestnut,  red  and 
post  oak.s. 

Numerous  reports  were  received  of  injuries  caused  by  adult  feeding 
of  borers  and  weevils.   In  some  cases  reproduction  had  been  killed  by  the 
Pales  Weevil,  Hylobius  pales,  while  in  other  cases  scarring  or  deformation 
injury  had  been  caused  by  feeding  of  round-headed  borers  (Cerambycidae) , 
and  flat-headed  borers  (Buprestidae) .  Early  feeding  by  adult  borers  on  buds 
of  slash  pine  before  they  opened  in  April  on  a  100  acre  tract  in  Florida 
caused  the  elongating  new  growth  to  twist  into  a  complete  circle  in  some  in- 
stances. 


1! 
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SUPPLEMENT  TO  STATION  PAPER  NO,  23 


During  the  construction  of  automatic  wood-burning  fur- 
naces in  the  summer  of  1953^  it  was  found  that  the  over-all 
size  of  the  furnace  varies  slightly  as  constructed  by  differ- 
ent brick  masons  >   Thus_,  the  size  of  the  opening  cut  in  the 
barn  to  receive  the  furnace^  as  described  on  page  10  of  the 
report,  is  sometimes  not  large  enough  to  give  the  required 
distance  of  8  inches  between  the  furnace  and  adjoining  wood 
parts  as  specified  on  page  15 .   It  is  absolutely  neces_sary  to 
have  this  8  inches  of  masonry  between  the  furnace  and  wood 
framing .   Barn  fires  have  occurred  where  this  precaution  was 
not  observed. 

A  good  way  to  avoid  this  difficulty  is  to  have  a  large 
opening  in  the  barn  to  receive  the  furnace.   It  should  pro'  • 
ably  be  at  least  5-1/2  feet  square.   After  the  furnace  is  com- 
pleted_(  8-inch  cement  or  cinder  blocks  can  be  used  around  the 
furnace  to  separate  it  from  the  wood  framing.   The  permanent 
wood  framing  can  then  be  installed  after  the  furnace  has  been 
completed.   The  hollows  in  the  cement  blocks  should  run  paral- 
lel to  the  length  of  the  furnace  and  they  should  be  filled  with 
insulating  material  or  mortar  to  prevent  air  leakage  into  the 
barn. 

Some  attempts  have  been  made  to  modify  the  design  of  the 
furnace  to  permit  using  longer  fuelwood  or  to  simplify  construc- 
tion,.  Since  many  various  designs  were  attem.pted  and  the  present 
one  found  best,  it  is  inadvisable  to  make  r:uch  changes. 

Some  difficulty  has  been  encountered  in  the  use  of  the 
solenoids  that  control  the  draft  door.   As  they  come  from  the 
factory  these  solenoids  consist  of  two  parts ^  one  the  field  or 
coil,  and  the  other  the  plunger.   If  the  plunger  drops  out  of 
the  coil,  the  bottom  corners  of  the  coil  should  be  slightly 
crimped  to  retain  the  plunger  and  keep  it  from  falling  out. 
This  is  very  simple  to  do  and  essential  when  the  solenoid  is 
connected  to  the  upper  hole  in  the  linkage,  as  is  necessary  in 
temperatures  above  I3OOF   (See  page  1?). 


THE  DEVELOPMENT  OF  AN  AUTOMATIC  WOOD-BURNING  FURNACE 

FOR  CURING  BRIGHT-LEAF  TOBACCO 

A  Progress  Report 

by 

Walton  R.  Smith,  R.  H.  P.  Miller,  0.  A.  Brown,  and  N.  W.  Weldon^ 


Introduction 


Wood,  the  first  fuel  used  to  cure  bright-leaf  tobacco,  is  fast 
losing  its  importance  for  this  purpose.  While  extensive  research  has 
been  done  on  coal  stokers,  oil  burners,  automatic  controls,  and  various 
types  of  heating  equipment,  very  little  work  has  been  done  to  improve 
the  efficiency  of  wood-burning  furnaces  for  this  purpose  or  to  develop 
automatic  controls  for  wood-burning  furnaces.   Some  years  ago,  the  Forest 
Utilization  Service  of  the  Southeastern  Forest  Experiment  Station,  the 
Forest  Products  Laboratory,  and  the  Bureau  of  Plant  Industry,  Soils,  and 
Agricultural  Engineering,  Division  of  Farm  Electrification,  established 
cooperative  studies  with  the  North  Carolina  Agricultural  Experiment  Sta- 
tion to  conduct  research  on  wood-burning  furnaces  for  tobacco  barns  at 
the  Tobacco  Experiment  Station,  Oxford,  North  Carolina.   This  work  has 
been  going  on  since  19^5  a-nd  has  resulted  in  an  entirely  new  type  of 
automatic,  wood-burning  furnace  that  cures  tobacco  satisfactorily  and  at 
the  same  time  saves  wood  and  labor. 

Farmers  as  well  as  foresters  are  interested  in  wood  as  a  fuel  be- 
cause it  offers  an  outlet  for  cull  trees,  limbs  and  tops,  and  various 
other  forms  of  wood  waste  that  should  be  removed  from  the  woodlot.   Using 
wood  for  fuel  gives  the  farmer  a  chance  to  improve  forest  stands  by  thin- 
nings or  improvement  cuttings  for  a  profit,  rather  than  as  a  management 
cost. 


1/  Respectively;  Technologist,  Forest  Utilization  Service,  South- 
eastern Forest  Experiment  Station,  Asheville,  N.  C;  Engineer,  Forest  Pro- 
ducts Laboratory,  Madison,  Wis.;  Engineer,  Farm  Electrification  Division, 
Bureau  of  Plant  Industry,  Soils,  and  Agricultural  Engineering,  formerly  at 
Oxford,  N.  C;  Research  Assistant  Professor,  N.  C.  Agricultural  Experiment 
Station,  Oxford,  N.  C. 


In  the  bright-leaf  tobacco  belt  from  Virginia  to  Florida,  there 
are  more  than  a  quarter  million  tobacco  barns;  some  are  used  for  as  many 
as  six  cures  of  tobacco  each  summer.  From  the  best  estimates  that  can 
be  obtained,  each  tobacco  cure  with  a  wood  furnace  requires  from  I-I/2 
to  2  cords  of  wood.  Since  wood  was  the  fuel  used  in  more  than  80  per- 
cent of  the  tobacco  barns  in  the  early  40's,  about  2  million  cords  of 
wood  were  used  annually  for  this  purpose. 

Up  to  the  present  time  the  typical  wood  furnace  in  a  tobacco  barn 
has  been  little  more  than  an  open  fireplace  (figures  1  and  2).  Actually 
it  is  either  one  or  two  fire  chambers,  each  about  I8  inches  wide,  I8  inches 
high,  and  8  feet  long,  extending  inside  the  barn.   Large  flue  pipes  10  to 
12  inches  in  diameter  extending  from  the  furnace  to  the  far  side  of  the 
barn  make  a  U  turn  and  leave  the  barn  just  over  the  furnace  to  form  a  chim- 
ney which  may  stop  within  a  few  feet  or  extepd  above  the  roof.   There  are 
numerous  variations  of  this  set-up  but  the  principle  is  the  same.   The  fur- 
nace has  no  draft  control  and  the  amount  of  heat  supplied  to  the  barn  de- 
pends on  a  man's  continuous  attention  to  the  fire;  he  can  put  on  mere  fuel 
to  make  it  hotter,  or  pull  the  fire  out  of  the  furnace  if  the  temperature 
gets  too  high.   This  takes  a  great  deal  of  his  time  night  and  day  for  the 
5  days  of  a  tobacco  cure. 

Since  existing  wood-burning  furnaces  require  so  much  of  the  farmer's 
time,  it  is  little  wonder  that  coal  stokers  and  oil  burners  with  automatic 
control  and  large  hopper  capacity  have  become  so  popular.  Tobacco  farmers 
have  been  changing  over  to  the  use  of  these  fuels  very  rapidly;  in  fact, 
it  is  currently  estimated  that  less  than  half  of  the  tobacco  barns  are  now 
fired  by  wood.   Oil  burners  are  becoming  predominant  because  of  the  lower 
cost  of  installation  and  the  ease  of  operation,  in  spite  of  the  high  annual 
fuel  cost. 


Figure  l.--The  single  type  wood-burning  furnace  in  common  use. 
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Figure  2. --The  double  type  wood-burning  furnace  in  coimnon  use.   Constant  attention 

to  the  fire  is  required. 


Review  of  Experimental  Work 


The  first  experimental  work  was  done  at  the  Tobacco  Experiment 
Station  at  Oxford,  North  Carolina,  during  the  summer  of  19^5-   I"t  was 
learned  that  some  attempts  had  been  made  to  burn  wood  efficiently  in 
the  old-type  furnaces  of  tobacco  barns  by  putting  a  tight  door  on  the 
front  of  the  furnace  with  smaller  draft  openings  that  could  be  automati- 
cally controlled.   One  manufacturer  had  developed  a  plan  for  putting  a 
tight-fitting  door  on  the  end  of  the  furnace,  supplemented  by  an  L-shaped 
sheet  metal  pipe  which  permitted  air  to  enter  the  side  of  the  furnace 
(fig.  3)'   This  air-inlet  pipe  extended  about  ^4-  feet  above  the  ground 
level  of  the  furnace,  and  had  a  damper  in  the  top  of  it  to  control  the 
amount  of  entering  air.   The  damper  was  operated  by  a  wafer  thermostat 
placed  inside  the  barn. 

Two  barns  of  tobacco  were  cured  with  this  equipment,  using  1.15 
cords  of  half  green  sweetgum  per  cure.   The  biggest  disadvantage  of  this 
furnace  was  its  failure  to  hold  a  high  temperature  for  any  length  of  time 
without  refueling.  At  most,  only  about  200  pounds  of  wood  could  be  put 
into  the  furnace  at  one  time  and  this  would  burn  up  in  two  or  three  hours 
when  high  temperatures  were  needed. 
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Figure  3. --The  first  experiment  was  to  operate  an  old  type  furnace  with  a  tight  door  and 

draft  controls  on  the  L  shaped  air  inlet. 

The  tests  made  in  the  summer  of  19^5  showed  that  tight  doors  and 
simple  draft  controls  on  the  old  open  wood  furnace  will  reduce  the  amount 
of  wood  needed  to  cure  a  barn  of  tobacco  and  will  give  some  temperature 
control  of  the  barn  so  that  one  person  need  not  watch  the  fire  continu- 
ally.  However,  this  furnace  held  so  little  wood  that  it  would  burn  only 
for  a  few  hours;  it  still  required  more  of  the  farmer's  time  than  a  coal 
stoker  or  an  oil  burner.   Thus,  an  entirely  new  and  different  type  of 
furnace  was  planned  for  the  19^6  tobacco-curing  season. 

The  new  furnace,  designed  by  the  Forest  Products  Laboratory,  was 
built  on  a  barn  at  the  Tobacco  Experiment  Station  in  June,  19^6.   This 
furnace  was  strictly  an  experimental  model  to  determine  whether  a  large 
hopper  type  of  furnace  could  be  used  which  would  give  continuous  high 
temperatures  for  6  to  8  hours. 

The  19^6  furnace  was  successful  through  six  cures,  using  1.2  cords 
of  oak  wood  per  cure,  and  conclusively  proved  that  the  principle  of  slow 
combustion  for  long  periods  could  be  applied  in  an  automatic  wood  furnace 
for  tobacco  barns.  Details  of  furnace  construction  and  temperature  con- 
trol needed  further  study  but  the  19^6  furnace  established  the  principles 
that  have  been  used  in  all  subsequent  furnaces. 

The  new  furnace  was  constructed  in  two  main  parts--a  large  hopper 
or  primary  combustion  chamber  on  the  outside  of  the  barn  and  a  secondary 
combustion  chamber  on  the  inside  (fig.  h) .      This  secondary  combustion 
chamber  is  very  much  like  the  old-type  wood  furnace  that  extends  inside 
the  barn.  The  entire  furnace  was  built  of  a  single  thickness  of  fire- 
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brick.   On  the  ground  level  there  was  an  ash  pit  about  6  to  8  inches  high; 
above  this  were  grates  built  of  firebricks  with  four  grate  openings,  mere- 
ly spaces  between  the  rows  of  firebricks.   Above  the  grates  was  the  hopper, 
which  extended  to  the  top  of  the  furnace  and  was  large  enough  to  hold  about 
900  pounds  of  oak  wood.   The  floor  of  the  hopper  sloped  on  the  front  side 
of  the  furnace  so  that  the  firewood  rolled  to  the  back,  where  most  of  the 
burning  took  place.  A  draft  control  opening  and  an  ash  pit  door  were  on 
the  front  of  the  furnace  at  the  bottom  and  permitted  the  entrance  of  air 
through  the  grates  and  allowed  for  the  removal  of  ashes.   Secondary  air  in- 
let pipes  on  each  side  of  the  furnace  were  about  2  inches  in  diameter  and 
permitted  a  continuous  flow  of  air  into  the  secondary  combustion  chamber. 
Wood  was  put  in  the  two  side  doors,  there  being  no  opening  in  the  top  of 
the  furnace.   In  this  type  of  furnace,  practically  all  burning  took  place 
in  the  hopper  just  over  the  grate.  Air  entering  the  draft  control  door 
was  preheated  to  some  degree  by  the  sloping  brick  wall  before  it  passed 
through  the  grates  where  it  supported  combustion  in  the  lower  portion  of 
the  hopper.   The  gases  then  passed  into  the  secondary  combustion  chamber, 
where  further  burning  took  place  due  to  additional  secondary  air  supplied. 
No  wood  went  into  the  secondary  combustion  chamber.   The  gases  convected 
the  heat  into  the  flues  in  the  tobacco  barn,  and  the  heat  was  radiated  and 
conducted  through  the  air  in  the  tobacco  barn  to  raise  the  temperature. 


Figure  l4-.--The  1914-6  model,  only  one  brick  thick  and  largely  outside  the  barn,  was  built  to 
establish  the  principle  of  slow  combustion  in  a  large  unit. 
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Temperature  control  on  this  furnace  was  obtained  by  use  of  a  ther- 
mostat in  the  barn,  which  in  turn  operated  a  damper  motor  to  open  or  close 
the  draft  control  door  as  necessary  to  give  the  desired  amount  of  heat. 

Although  establishing  a  principle,  the  19^6  furnace  was  too  ineffi- 
cient because  it  was  outside  the  barn  and  only  one  brick  thick. 

In  19^7 >  a  furnace  was  constructed  with  most  of  the  unit  inside  the 
barn,  with  the  refueling  door  on  the  front  of  the  furnace.   The  furnace  con- 
struction was  quite  similar  to  the  19^6  model  except  that  the  inside  fur- 
nace wall  was  made  of  firebrick  with  refractory  precase  slabs  over  the  arches 
and  the  outside  wall  made  with  common  brick,  the  two  walls  being  mortared  to- 
gether (fig.  5)-   Standard  thermostat  controls  operated  a  draft  motor  which 
opened  the  draft  door  when  the  barn  called  for  heat.  Two  cures  made  in  19^7 
used  less  than  a  cord  of  wood  each.   The  furnace  operated  satisfactorily  and 
gave  long  periods  of  burning  without  attention.   The  next  step  was  to  test 
it  on  farms  and  to  see  whether  it  was  a  durable  structure. 

In  19^8,  similar  furnaces  were  built  on  two  private  farms  and  oper- 
ated under  farm  conditions  (figures  6  and  7);  additional  cures  were  also 
made  with  the  furnace  at  Oxford.  All  cures  made  with  these  furnaces  were 
satisfactory  and  the  two  furnaces  on  private  farms  have  continued  to  oper- 
ate satisfactorily  until  the  last  time  inspected  in  1952.   Some  objection- 
able features,  however,  were  discovered  during  the  second  year  of  operation. 


Figure  5. --The  19^7  furnace,  with  its  refueling  door  on  front,  was  of  double  wall  thickness 

and  largely  inside  the  barn. 
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Figure  6.- -A  straight-waLled  fufna   «as  built  on  a  private  farm  in  iy^8. 


Figure  J.- -A   furnace  almost  identical  with  the  19^7  model  was  built  on  a  private  farm  in 
19^4-8.   Note  rectagular  aluminum  flues.   This  furnace  operated  for  several  suc- 
cessful cures  in  1952. 
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The  large  mass  of  brickwork  developed  cracks  under  the  severe  tem- 
perature conditions  prevailing  in  the  furnaces.   Sometimes  these  cracks 
would  permit  extra  air  to  enter  the  primary  combustion  chamber  and  thereby 
raise  barn  temperatures  higher  than  the  thermostat  settings.   These  cracks 
were  mortared  up  after  each  run,  and  the  bad  effects  were  not  serious 
(fig.  8). 

Another  disadvantage  of  the  19^8  furnace,  and  any  similar  natural 
draft  furnace  with  two  separate  flues  leading  from  the  furnace,  was  the 
heat  distribution  in  the  flue  system.  Whenever  one  flue  became  hotter 
than  the  other,  it  would  take  most  of  the  heat  from  the  furnace,  leaving 
the  opposite  flue  relatively  cold.   The  use  of  dampers  in  the  flues  did 
not  materially  change  this  situation,  although  the  operator  could  switch 
the  heat  back  and  forth.   The  net  result  was  uneven  temperatures  inside 
the  tobacco  barn. 

Subsequent  observations  have  shown  that  this  condition  prevails  in 
most  tobacco  barns  with  nearly  any  type  of  natural  draft  furnace,  but  the 
operators  are  seldom  aware  of  this  temperature  difference,  as  they  operate 
with  only  one  thermometer  in  the  barn.  Nevertheless,  the  research  objec- 
tive was  to  produce  an  automatic  wood-buring  furnace  that  would  give  uni- 
form barn  temperatures  and  long  periods  of  burning,  so  further  development 
was  needed. 

In  19^9  an  experimental  furnace  was  constructed  with  a  dividing  wall 
separating  the  furnace  into  two  parts  except  at  the  fuel  door.   Here,  wood 
was  pushed  in  on  the  dividing  wall  and  then  turned  left  or  right  to  fill  the 
hoppers  of  the  two  furnaces.   The  secondary  combustion  chambers  and  the  flue 
systems  and  stacks  were  completely  separate  for  each  furnace. 

In  operation  this  furnace  performed  like  the  single-type  furnace,  and 
when  one  flue  became  hot,  it  drew  all  the  heat  from  the  fire  in  the  other 
furnace  over  the  partitioning  wall.   This  furnace  was  abandoned  when  it  be- 
came clear  that  two  entirely  separate  furnaces  were  necessary  to  maintain 
uniform  temperatures  throughout  the  barn. 

During  the  same  year,  two  separate  and  smaller  furnaces  were  construc- 
ted in  one  barn  (fig.  9).   These  furnaces  were  simplified  and  constructed 
with  metal  grates  and  doors,  vertical  walls  throughout,  and  standard  refrac- 
tory slabs  to  cover  the  arches.   One  furnace  had  the  inner  firebrick  and 
outer  common  brick  walls  mortared  together  and  the  other  furnace  had  a  2-inch 
space  between  these  walls  which  was  filled  with  a  vermiculite  insulation 
material.   Each  furnace  had  its  own  thermostatic  control  and  flue  system. 
Instead  of  operating  the  draft  doors  with  a  motor,  a  l/2-inch-stroke  electric 
solenoid  was  used  on  each  draft  door. 

Very  satisfactory  results  were  obtained  with  this  dual-type  automatic 
furnace  and  all  the  research  objectives  were  met.   The  insulated  furnace 
stood  up  better  under  the  intense  furnace  heat;  also,  a  few  other  minor  re- 
finements and  operational  details  were  discovered. 

In  1950,  the  dual-type  automatic  furnace  was  partly  rebuilt  to  add 
the  refinements  and  it  was  again  operated  satisfactorily  during  the  curing 
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Figure  8. --Cracks  sometimes  deve- 
loped in  brickwork  near  thimbles 
or  doors  and  required  re-mortarlng 
occasionally. 


Figure  9. --The  19^9  model  dual  type  automatic  wood-burning  furnace 
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season.  A  time  temperature  chart  of  cure  No.  3,  1950,  is  shown  in  figure 
10.   One  of  the  remaining  steps  necessary  before  recommending  it  widely 
to  the  tobacco  farmer  was  continued  testing  for  furnace  durability  and 
farmer  operation.   To  this  end  additional  cures  were  made  with  this  fur- 
nace in  1951  and  1952. 

Also  in  1952,  two  furnaces  of  this  type  were  constructed  on  private 
farms  according  to  plans  and  supervision  furnished  by  the  Forest  Service. 
Farmers  operating  these  furnaces  liked  the  ease  of  operation  and  low  fuel 
consumption.  Depending  on  the  size  of  the  barn  and  the  quantity  and  con- 
dition of  the  tobacco,  the  furnaces  cure  a  barn  of  tobacco  with  from  Ji/k 
to  1-l/ij-  cords  of  wood. 

Although  this  furnace  has  passed  through  the  experimental  stage 
satisfactorily,  it  needs  to  go  through  the  pilot  stage  in  which  it  would 
be  operated  by  farmers  under  farm  conditions  for  several  years.  Upon  the 
elimination  of  difficulties  which  appear  in  subsequent  trials  on  farms, 
the  unit  may  be  expected  to  find  a  place  in  commerical  tobacco  production. 
For  the  benefit  of  farmers  who  are  willing  to  assume  the  risk  of  a  new-type 
furnace,  complete  instructions,  including  bill  of  materials  and  approximate 
cost  are  given. 


Construction  of  the  Dual-Type  Automatic  Wood-Burning  Furnace 


Since  the  automatic  wood-burning  furnace  is  not  a  cheap  installation, 
it  should  be  built  only  on  a  good  tight  barn  with  roof  ventilators  that  will 
control  the  amount  of  air  passing  through  the  barn. 

The  first  job  is  to  cut  two  holes  in  the  end  of  the  barn  for  the  fur- 
naces.  These  holes  should  be  flush  with  the  sides.   The  finished  openings 
50  inches  wide  and  ^h   inches  high  should  be  framed  with  two  2  x  i|'s  on  each 
side  and  two  2  x  6's  on  edge  over  the  top.   The  foundation  or  footings  of 
the  barn  must  also  be  cut  out  to  allow  for  the  foundations  of  the  furnaces 
(fig.  11). 

The  slab  for  the  furnace  should  be  5  inches  thick,  hG   inches  wide, 
and  82  inches  long;  it  should  be  6  to  12  inches  inside  the  side  wall,  and 
extend  6  inches  beyond  the  end  wall  (notice  furnace  position  in  figure  12). 
Where  the  soil  is  porous  and  sandy  and  drainage  is  no  problem,  the  top  of 
the  slab  should  be  6  to  8  inches  below  ground  level;  otherwise  the  top  of 
the  slab  should  be  kept  as  low  as  possible,  maintaining  drainage.   A  lumber 
form  should  be  used  for  the  slab  and  the  ash  pit.   After  the  forms  are  lined 
up  in  their  proper  places  and  leveled,  they  should  be  nailed  to  stakes  to 
hold  them  in  place.   The  concrete,  made  from  1  part  cement,  2  parts  sand, 
and  3  parts  of  gravel,  should  be  troweled  smooth  and  allowed  to  harden  be- 
fore the  forms  are  removed  and  the  brickwork  started  (fig.  13). 

The  furnace  consists  of  a  double  wall  construction  with  insulating 
concrete  between  the  inner  and  outer  walls.   In  general-,  the  inner  wall 
is  of  pressed  firebrick  which  should  be  uniform  in  dimension  for  thin  dipped 
joints,  and  the  outer  wall  is  of  common  brick. 
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CURE  NO.  3, 1950 
530  STICKS  TOBACCO;  VAR.  DB  27 

'-  THERMOSTAT  SETTING  FOR  TEMPERATURE 
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TOTAL  WOOD  USED  3968  LBS.  (APP.  I  CORD) 
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Figure  10. --A  time  temperature  chart  for  the  dual-type  automatic  wood-burning  furnace  shows 
good  control.   This  cure  used  3968  pounds  of  wood  (approx.  1  cord). 
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Figure  11. --Tobacco  barn  under  construction.   Two  openings  in  the  end  of  the  barn  have  been 

cut  and  framed  for  the  furnaces. 


Figure  12. --A  cut-away  view  showing  the  position  of  the  furnace  and  flue  system  with 

respect  to  the  barn. 
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Figure  I3. --Pouring  the  concrete 
slab  in  the  wood  form. 


Complete  drawings  of  the  furnace  construction,  course  by  course, 
are  given  in  Appendix  A.   These  drawings  should  be  followed  carefully, 
especially  the  dimensions  given  for  the  inside  walls.   The  drawings  are 
for  the  left  furnace.   This  is  to  have  the  flue  leaving  the  furnace  near 
to  the  barn  wall  to  prevent  cold  down  drafts.   The  right  furnace  would 
be  constructed  with  the  flue  exit  offset  on  the  other  side. 

Careful  attention  should  be  given  to  laying  the  firebrick.   A  high 
temperature  refractory  cement  such  as  "Setskold"  should  be  used  for  the 
firebrick  joints.   These  cements  are  usually  contained  in  a  metal  drum 
and  should  be  mixed  in  this  drum  thoroughly  before  use.   A  small  amount  of 
it  is  placed  in  a  flat  pan;  usually  it  is  necessary  to  thin  it  with  water; 
and  then  the  firebrick  are  dipped  so  that  a  layer  about  1/16  inch  thick 
adheres  to  the  brick.   Naturally  the  cement  must  be  kept  clean  from  brick 
chips,  etc.,  if  thin  joints  are  to  be  made.   When  not  being  used,  the  re- 
fractory cement  should  be  covered  to  prevent  lumping. 

For  laying  the  common  brick,  use  a  mixture  of  1  part  brick  mortar 
and  3  parts  of  good  sand  (field  sand  is  not  usually  satisfactory  under 
high  temperature  use).   The  mortar  is  applied  with  a  trowel,  with  joints 
averaging  about  1/2  inch  in  thickness.   The  courses  of  firebrick  and  common 
brick  must  be  kept  level. 

The  inner  wall  can  be  laid  up  to  and  including  course  7  before  the 
outer  wall  of  common  brick  is  started.   On  top  of  course  2,  the  lintel  for 
the  ash  pit  door  opening  must  be  put  in  place,  the  grates  on  top  of  course 
3  and  the  thimble  on  top  of  course  k    (figures  ih   and  15).   Sand  should  be 
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put  in  the  secondary  combustion  chamber  up  to  the  top  of  the  fourth  course 
of  brick.   The  first  four  courses  of  the  outer  wall  can  then  be  completed 
with  the  ash  pit  door  frame  in  place. 

The  door  frames  and  the  flue  thimbles  should  have  three  layers  of 
wrapping  paper  on  them  when  they  are  placed  in  the  wall.   This  paper  will 
burn  away  and  allow  for  the  difference  in  expansion  between  metal  and 
brick.   The  door  frames  have  threaded  holes  for  the  anchor  hooks  which 
are  mortared  in  between  the  two  walls. 

After  the  fourth  outside  layer  of  brick  have  been  put  down,  it  is 
time  to  begin  filling  the  space  between  the  brick  walls  with  insulating 
cement.  Any  good  vermiculite  aggregate  (locally  sold  as  Zonollte)  is 
suitable.   It  should  be  mixed  5  parts  of  the  vermiculite,  1  part  of  Port- 
land cement,  and  2-l/2  parts  of  water.  Mix  the  cement  and  water  first 
and  then  add  the  vermiculite.   Even  though  the  mix  may  seem  a  little  dry, 
it  will  serve  adequately  as  a  filler.   The  insulating  concrete  should  not 
be  tamped  down,  but  just  pressed  and  dressed  down  to  the  top  of  course  h- 
with  a  trowel  so  that  the  secondary  air  ducts  can  be  put  in  place. 


Figure  l4,--The  lintel  for  the  ash 
pit  door  is  placed  on  course  2  and 
the  grates  on  top  course  3' 
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Figure  15. --After  course  h,    insula- 
ting cement  is  used  to  fill  spaces 
between  walls,  the  secondary  combus- 
tion chamber  is  filled  with  sand,  and 
the  secondary  air  ducts  are  installed. 


The  outside  wall  can  now  be  continued  up  to  the  eighth  course  of 
bricks.  After  that,  the  inner  wall  can  be  completed.   The  tenth  course 
of  firebricks  is  put  on  edge  (requiring  a  number  of  bricks  to  be  broken 
in  half)  in  the  hopper  and  at  the  archway  as  shown  in  the  drawing  of 
course  10,  Appendix  A.   In  the  secondary  combustion  chamber  the  bricks 
are  laid  flat  (fig.  16) .  After  course  10  has  become  firm,  the  slabs 
over  the  secondary  combustion  chamber  can  be  put  in  place.   More  insula- 
ting cement  can  now  be  added  to  fill  up  to  the  top  of  course  7  before 
the  work  is  continued  on  the  outer  wall  to  course  11.  More  insulating 
cement  is  added  until  it  reaches  the  top  of  course  11.   The  fuel-door 
frame  with  the  cast-iron  metal  slide  is  then  put  in  place  with  a  thin 
cement  joint  under  the  frame  (fig.  1?)^  and  the  outer  brickwork  is  con- 
tinued to  course  I6.   The  four  hooked  screws  are  mortared  in  place,  and 
the  opening  on  the  sides  and  top  between  the  outer  and  inner  walls  is 
sealed  off  with  loose  brick  so  that  more  insulating  cement  can  be  added. 
The  slabs  over  the  hopper  are  now  set  in  place,  and  the  outer  wall  com- 
pleted and  insulating  concrete  added  and  troweled  even  with  the  top  of 
the  outer  wall  on  both  the  combustion  and  hopper  sections.   Finally,  the 
space  between  the  furnace  and  the  wood  wall  (opening  frame)  should  be 
filled  with  brick  or  concrete  blocks  as  a  safety  precaution.   Exposed 
wood  should  be  at  least  8  inches  from  the  furnace. 

The  flues  with  the  hopper  type  of  furnace  must  be  given  more  slope 
than  with  the  old  type  of  wood-burning  furnace.   VThere  the  flues  leave  the 
barn  they  should  be  at  least  10  to  12  inches  higher  than  where  they  leave 
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Figure  l6.--In  the  10th  course,  half 
firebricks  on  edge  are  used  for  the 
inner  wall  of  the  primary  combustion 
chamber.   (Note:  The  thimble  shown 
in  this  photograph  is  a  substitute  L 
flue  to  form  the  opening,  since  the 
regular  straight  thimble  had  not  been 
obtained. 


Figure  17.--The  fuel  door  frame,  with 
wrapping  paper  around  it,  is  cemented 
in  on  top  of  course  11.  Notice  the 
metal  slide  cemented  across  the  brick 
and  under  the  door  frame. 


■16- 


J 


the  furnace.   Each  furnace  has  its  own  stack  extending  above  the  ridge 
of  the  barn.  Each  stack  should  have  a  loose-fitting  damper  that  can  be 
locked  in  the  closed  and  open  positions. 

After  the  furnace  has  been  allowed  to  stand  for  several  days,  a 
low  fire  can  be  built  in  it  to  help  dry  out  the  unit.   The  furnace  should 
not  carry  a  hot  fire  for  several  weeks,  in  order  to  allow  the  mortar  to 
cure  and  develop  stronger  joints. 


Operation  of  the  Furnac e 


The  operation  of  the  automatic  wood-burning  furnace  can  be  danger- 
ous or  even  unsuccessful  if  the  operator  does  not  understand  the  procedure. 
IT  IS  VERY  IMPORTANT  THAT  THIS  SECTION  OF  THE  REPORT  BE  STUDIED  BEFORE  THE 
FURNACE  IS  OPERATED.   The  following  instructions  are  very  important. 


CAUTION ;   THE  DOORS  OF  THE  FURNACE  SHOULD  NOT  BE  OPENED 
EXCEPT  WHEN  REFUELING  BECAUSE: 

1.  ENTERING  AIR  CONTAINING  OXYGEN  WILL  IGNITE 
THE  WOOD  GASES  AND  EXPLODE  FLAME  OUT  THE 
FUEL  DOOR,   SEE  INSTRUCTIONS  FOR  REFUELING. 

2.  THE  UNCONTROLLED  ADDITION  OF  AIR  THROUGH 
THE  FUEL  DOOR  WILL  RAISE  THE  BARN  TEMPERA- 
TURE HIGHER  THAN  THE  THERMOSTAT  SETTING. 


Starting  the  Fire 

Open  the  ash  pit  and  fuel  doors  wide.   Put  paper  and  kindling  wood 
on  top  of  the  grates.   Put  lighted  paper  under  grates.   Leave  both  doors 
open  until  good  fire  is  started.   Be  sure  that  flue  dampers  are  open. 

Close  fuel  door  and  let  kindling  fire  continue  until  flues  are  warm 
and  drawing  properly. 

Open  fuel  door  and  fill  hopper  about  half  full  of  wood. 

Check  thermostats  and  solenoids  to  see  that  they  are  working  properly, 
set  thermostats  at  90  F. ,  and  close  all  doors  tightly.  The  solenoid  connect- 
ing link  should  be  set  in  the  bottom  hole  for  temperatures  under  I3O  F. 

The  furnace  should  now  hold  the  temperature  at  90  F.,  for  at  least  5 
or  6  hours. 
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Refueling  at  Lov  Temperatures  (90  F.  to  110  F.) 

When  the  solenoids  keep  the  draft  door  open  almost  constantly,  It 
Is  an  Indication  that  the  fuel  supply  Is  low.  Open  the  fuel  door  and 
stand  away  from  It  for  a  moment.   Then  Inspect  the  amount  of  wood  and 
charcoal  In  the  furnace  and  spread  It  evenly  over  the  grates  with  a  poker 
If  necesseiry.   Close  the  fuel  door. 

Close  the  dampers  In  the  flues.  Turn  the  thermostat  back  until 
the  draft  door  closes.  Allow  to  remain  In  this  position  for  5  to  10 
minutes  while  wood  Is  being  stacked  next  to  the  furnace  for  refueling. 
During  low  temperature  stages,  use  small,  crooked,  and  doty  wood  If  neces- 
sary and  save  the  straight,  larger  pieces  for  higher  temperatures. 

Set  the  thermostat  so  that  draft  door  again  opens.  Open  the  dampers. 
This  is  to  help  prevent  flare-back  when  fuel  door  is  opened. 

Open  the  fuel  door  and  load  the  wood  up  to  the  bottom  of  the  fuel 
door  but  not  above.  Close  the  fuel  door,  reset  the  thermostat  to  desired 
temperature.  Watch  barn  temperature  for  about  10  minutes  to  see  that  it 
does  not  exceed  desired  temperature. 

Refueling  at  High  Temperatures  (llO°F.  to  17Q°F.) 

When  refueling  at  high  temperatures,  the  same  precautions  are  used 
as  in  low  temperatures,  but  the  furnace  will  be  much  hotter,  and  care  must 
be  taken  to  do  the  job  quickly  and  correctly. 

It  Is  Important  not  to  refuel  at  high  temperatures  until  necessary. 
Wait  until  most  of  the  fuel  in  the  furnace  has  been  consumed  and  the  draft 
door  stays  open  continuously  calling  for  heat.   Usually,  this  means  that 
the  barn  temperature  will  drop  10  to  I5  degrees  below  the  thermostat  set- 
ting, but  this  will  not  cause  any  damage  to  the  tobacco  during  the  higher 
temperature  stages. 

Be  sure  to: 

1.  Close  all  doors  and  dampers  10  minutes  before  refueling. 

2.  Have  enough  large  straight  wood  ready  at  furnace. 

3.  Use  leather  or  asbestos  gauntlet  gloves  to  prevent 
burning  hands. 

k.     Have  an  assistant  if  possible  and  use  loading  device. 
See  figure  I8. 

5.  Open  dampers  during  loading  but  close  immediately  after 
furnace  is  loaded. 

6.  Do  not  reset  thermostat  or  open  dampers  until  10  minutes 
after  loading. 
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After  a  little  experience,  the  operator  will  learn  just  about  how 
much  wood  the  furnace  consumes  in  a  3-  or   4-hour  period  during  the  dif- 
ferent stages  of  curing.  He  will  then  arrange  to  check  and  load  the  fur- 
nace at  breakfast -time,  the  lunch  hour,  at  suppertime,  and  at  bedtime. 
These  are  the  times  when  he  ordinarily  inspects  the  tobacco. 


Figure  l8. --Round  wood  is  pushed  into  furnace  on  a  light,  3-inch  or  U-inch  channel  iron. 

A  quick  turn  of  the  channel  iron  with  the  handle  drops  the  wood  to  the  grates. 
The  handle  is  a  1-inch  iron  bar  l8  inches  long  welded  to  the  end  of  the  channel 
iron. 
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Cost  of  the  Furnaci 


2/ 


Bill  of  Material  and  Approximate  Cost  (1952) 


Masonry  Material 

10  firebrick  slabs  3"  by  12"  by  30"  @   $5.00 
530  firebricks  2-l/2"  by  i^-l/2"  by  9"  @  $0.13 

1150  common  bricks  @  $32.00  per  M 
6  bags  of  brick  mortar  @   $1.10 

11  bags  of  Portland  cement  @  $1.30 

130  pounds  of  high  temperature  refractory  cement 
(Setskold  or  equivalent) 
8  bags  of  vermiculite  (for  concrete  aggregate) 
(Zonolite,  etc.) 
I-I/2  cubic  yards  of  sand 
3/^  cubic  yards  of  gravel 

Cast  Iron  Parts 

8  cast  iron  grates  @  $2.00  each 
2  fuel  door  units  @  $l4.50  each 
2  ash  pit  door  units  @   $1^4-. 50  each 
2  lintels  for  ash  pit  opening 
2  slides  for  fuel  door  opening 

Metal  Work 

k   secondary  air  ducts  @  $7.50  each 
2  flue  outlets  @  $2.50  each 


Controls 


1/ 


2  thermostats 
2  solenoidsjy 


Labor  (mason  and  helper)  based  on  actual  cost  at  2 

installations 


Cost 


50.00 
68.90 
36.80 

6.60 
li^.30 

7.60 

10.80 


2.50 

2.00 

$199.50 

16.00 

29.00 

29.00 

i+.OO 

2.00 

80.00 

30.00 
5.00 

35.00 

33.00 
20.00 

53.00 

118.26 

118.26 

Total  Cost 


485.76^' 


/ 


2/  The  costs  given  are  based  on  actual  costs  of  constructing  several 
furnaces.   S.  L.  Adams  Co.,  Rowland,  N.  C,  is  planning  to  stock  all  parts 
for  the  furnace  and  the  latest  costs  can  be  obtained  by  writing  this  Company 
direct. 

3/  Thermostats  can  be  purchased  from  United  Electric  Control,  A  & 
Athena  Streets,  Boston,  Mass. 

k/     The  Solenoids  (16  KKK,  lOOA,  I/2"  stroke)  can  be  purchased  from 
the  Electrical  Mfg.  Division,  National  Acme  Company,  I70  E.  131st  Street, 
Cleveland,  Ohio. 

5/  Estimates  are  that  this  cost  can  be  reduced  approximately  $100  by 
off  season  work  and  quantity  production  of  parts. 
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Conclusions 


The  dual  type  automatic  wood-burning  furnace  has  been  experiment- 
ally tested  and  has  given  satisfactory  service  in  curing  tobacco  with  a 
fuel  savings  of  as  much  as  100  percent  over  other  type  wood  furnaces. 
Its  initial  cost  is  high^  around  $^+00  to  $500.   Fuel  costs  for  6  cures 
is  low^  however,  near  $60.   This  compares  with  a  cost  of  $150  for  oil. 
It  has  the  further  advantage  of  encouraging  farmers  to  utilize  cull  wood 
that  would  otherwise  have  little  value.  Additional  field  tests  by  farmers 
are  needed  before  the  furnace  can  be  generally  recommended.   Further  in- 
formation can  be  obtained  from  the  Tobacco  Experiment  Station,  Oxford, 
N.  C,  or  the  Southeastern  Forest  Experiment  Station,  Asheville,  N.  C. 


i 
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APPENDIX  A 


Furnace  Construction,  Course  by  Course 
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COURSE    4     -   PUT     GRATES    IN    PLACE,     CONTINUE    FIREBRICK   WALL 
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APPENDIX  B 


Cast  Iron  Parts  and  Metal  Work 


uOI 


-^ 


iJipJTIi. 


^J 


F^' 


s 


-k 


!^ 

^s 

V 
1 

15 

So 

Ij 

^  i. 

^  P 

k  ct 

-J  s> 

ci  u. 

to 

to 

»s 

k 

to 

$ 

^j 


TAP   4    HOLES 


• '   -i— 


fr 


^^ 


f« 


^ 


^ 


^f- 


-^^"- 


/^^" 


/5i" 


^ 


=^ 


-4f 


/ff 


i'L 


^V 


■^f- 


-^f 


-4f- 


^ 


iTAPf-l6 


TAP  i   -i'(7 


s 


^ 


-k 


i'l. 


^"-1^  V, 


5-V 


Z  M  86278  F 


FUEL      DOOR     FRAME 
2  REO'D  -  C.  I. 


WOOD      BURNING     FURNACE 
FOR     FLUE-CURING     TOBACCO 


U.   S.  DEPARTMENT   OF  AGRICULTURE 

FOREST    SERVICE 

FOREST  PRODUCTS    LABORATORY 

MADISON,   WISCONSIN 


^;s 


3£, 


'oto 


f^hh  X. 


•K\j 


f^       C\j 


•olcia 


^s 


-Ixh 


* 


^ 


-^^ 


8^ 


^% 


Si 


X 


X! 


1 


t/T 


■tz- 


w 

CO 


X 


-„f^ 


H 


1 


f^Nh 


^ 


^^ 


^ 

^ 


<J 


I. 

I 


^ 


^ 

^ 

•^ 

^ 

<o 

LX^ 

1 

.Q 

O 

Lj| 

,^ 

K 

k 

? 

tl3 

^ 

ft 

r-4 
00 

vc 
CO 


DRILL    4    HOI  ES    H 


16 


_^        y-^"DIAM. 

yWELD    IN  EYE 


EYEBOL  TS 
4    REO'D 


DRILL    2  HOLES  j^' 


^ 


J i 


UOOR     BRACKET 
4    REO'D  -  C.  I. 


HASP     BRACKET 
8   REO'D -C.I 


Z  M  86282  F 


WOOD      BURNING     FURNACE 
FOR     FLUE-CURING     TOBACCO 


U.   S.  DEPARTMENT   OF  AGRICULTURE 

FOREST    SERVICE 

FOREST  PRODUCTS    LABORATORY 

MADISON,   WISCONSIN 


. 


7"- 


HINCE    PIN 
4   REO'D 


^-^^ 


^ 


16    THREADS    PER  INCH 


I 


IV|ig 


<> 


s 


T" 

''DmiL     4   HOLES  ^ 


T 


^^/l^^ 


, FLAPPER    IN   PLACE 


T 


49" 


SECONDA  RY     AIR     INLE  TS 
2    RIGHTS     AND     2     LEFTS  -22  GA.  IRON 


Y^^ 


^-^ 


-^f- 


1^ 2^- 

' 3i- 


Z  M  86285  F 


■li 


DRILL    2  HOLES  ^" 


BRACKET      FOR     SOLENOID 
2    REO'D    -  ^  X  l"x  I"  ANGLES 


WOOD      BURNING      FURNACE 
FOR     FL  UE  -  CURING     TOBA  CCO 


U.   S.   DEPARTMENT   OF  AGRICULTURE 

FOREST    SERVICE 

FOREST  PRODUCTS    LABORATORY 

MADISON,   WISCONSIN 


DRILL    3   HOLES  ^ 


LINKAGE 
-^' X  ^ STEEL  -   2   REO'D 


8   ^    16 


4  RD.    HEAD     SCREWS    ^'x  ^'  AND    8    BRASS   NUTS 


-^I'V 


- 

-■ 

1                          J^ 

.-WELD    ON             1 

vi                         ' 

1                                                1 
1                                                     li— 

r                                                          1 

IK                                                        1 

4% 


DRILL    ^ 


z  M  86281*  F 


DRAFT     DOOR 
16   CAGE    STEEL  -  2  REO'D 
"  01  Ax    5"  LONG    MACHINE    BOLTS 


WOOD      BURNING     FURNACE 
FOR     FLUE-CURING     TOBACCO 


U.   S.   DEPARTMENT   OF  AGRICULTURE 

FOREST    SERVICE 

FOREST  PRODUCTS    LABORATORY 

MADISON,  WISCONSIN 


16    THREADS    PER   INCH 


ANCHOR 
12    REO'D 


h 

2" 

,| 

SMALL      BRASS     HINGE,   FREE 
SWINGING,     FASTENED     TO 
FLAPPER     AND     TOP    OF    SECONDARY 
AIR    DUCT 


WING       NUTS 
4    REO'D 


DRILL    ^ 


SECONDARY      AIR     FLAPPER 
4    REO'D  -  26    GA.    G.I. 


-H/"h 


FUEL      SLIDE 
2    REO'D  -  16    GA.    STEEL 
4     RD.     HEAD    ^  X  ■^' -  20    SCREWS 


Z  M  8628'3  F 


WOOD     BURNING     FURNACE 
FOR     FLUE-CURING     TOBACCO 


U.    S.   DEPARTMENT   OF  AGRICULTURE 

FOREST    SERVICE 

FOREST  PRODUCTS    LABORATORY 

MADISON,   WISCONSIN 


APPENDIX  C 


Some  Suggestions  about  Wood  for  the  Furnace 


Moisture  content  of  wood  has  a  great  effect  upon  its  efficiency 
as  fuel.   If  you  use  green  wood,  you  need  10  percent  more  fuel  per  cure. 
Therefore,  it  is  to  the  farmer's  advantage  to  cut  his  wood  in  the  winter 
or  spring  before  the  curing  season  and  to  crib  it  hogpen  fashion  for  pro- 
per seasoning.   It  is  advisable  to  cut  the  wood  in  long  lengths  in  the 
forest  and  drag  or  haul  it  to  a  central  place  where  it  can  be  cut  to  short 
lengths  with  a  buzz  saw  and  split  if  stems  are  more  than  8  inches  in  dia- 
meter.  For  gum  and  other  woods  hard  to  split,  a  powder  wedge  will  save 
much  labor. 

Generally  speaking,  hardwoods  contain  more  heat  per  cord  than 
softwoods  or  pines;  many  of  the  hardwoods  have  little  value  for  other 
uses.   The  farmer  should  use  low-grade  scrub  oak,  sweet  gum,  hickory,  and 
similar  trees  that  have  little  value  as  sav/  timber  or  pulpwood;  they  make 
excellent  fuel  for  curing  tobacco.   Following  are  some  of  the  species  of 
wood  in  the  tobacco  belt  listed  in  the  order  of  their  heat  value:   hickory, 
oak,  beech,  birch,  hard  maple,  locust,  pine,  sweet  guiri,  sycamore,  soft 
maple,  and  poplar. 

In  firing  an  open-type  wood  furnace  the  farmer  often  wants  slightly 
green  wood  because  it  burns  slower.   Although  this  may  be  true  in  an  open 
furnace,  it  does  not  hold  true  in  an  efficient  furnace  where  the  rate  of 
burning  is  controlled  by  the  amount  of  air  permitted  to  get  to  the  fire. 
In  the  type  of  furnace  described  in  this  report,  the  drier  the  wood  the 
better. 


Agriculture -Ashevi lie 


o 

M 


o 
pq 

EH 

o 


p 

1-? 

•  • 

D 

H 

o 

CD 

w 

D 

CQ 

<: 

o 

pq 

w 

o 

m 

< 

S 

o 

S 

s 

^ 

M 

(^ 

h^ 

&q 

p£j 

^ 

H 

!^ 

Eh 

W 

W 

P^ 

O 

S 

H 

CQ 

W 

« 

IS 

o 

o 

EH 

p 

Ph 

W 

M 

O 

w 

X 

B-i 

W 

M    H  hH 

S  W  K-q 

C5  EH  &q 

EH  Plh 

t^  !=)  W 

y-A   O  K 


^   g   « 
S  O 

^     <    ptH 

C5   P^  CD 

><  W  O 

O   P  M 

O  EH 

C5  P  O 

S  Ph  D 

hH    }xj    Ph 

S  H  EH 

M  CD 

<3   P   S 
Eh  S 

S  < 


M 


O   CO   W 

W  CD 

P^ 


Ph 
O   P  O 

s  o  o 

MOP 

P^    ^2 

pq        P 
Eh  H  pq 

S  p:J  D 

H    &H    P4 


rH 


I 

O  W  C5 

[3  Oj  S 

O  S  M 

Pd  pq  EH 

W  Eh  Eh 

^  pq 

S  CD 


•zJ  <^  ^ 
<!  P  •< 

P4  pq  CD 
O  W  Q 

^  ^  S 

S  DC 

O  pq  pq 
M  CD  trj 
Eh  H  Eh 

P  Ph  pa 

<{    P    EH 

{     j 

P  M   & 

pq  IS  <c 

P  W  Eh 
O  O 
O  cci 


O 
O 

P 


C!5 

M 


P4 

pq 
pq  pq  cc; 
W  W  P 
^  Eh  EH 


OJ 


Q) 
O 

-P 

o 
-p 

+3 

X 

Pi 

H 
H 
03 

!» 

-P 

a 
o 


0) 
ft 


-P 
O 

CO 

•H 

-p 
-p 
o 


STATION  PAPER   NO.   24 


JUNE    1953 


ifluence  of  Forest  Cutting  and  Mountain  Farming 
on  some  Vegetation,  Surface  Soil 
and  Surface  Runoff  Characteristics 

Robert  E.  Oils 


SOUTHEASTERN    FOREST 
EXPERIMENT   STATION 
Asheville,  North  Carolina 

L.  J^.  Ibemnton, 
S^ireclor 


U.  S.  Department  of  Agriculture  -  Forest  Service 


Acknowledgement 


f 


All  of  the  hydro logic  data  used  here 
were  collected  at  or  taken  from  the  records 
of  the  Coweeta  Hydro logic  Laboratory  near 
Franklin^  North  Carolina,  with  which  the 
writer  was  associated  during  the  summers  of 
1951  and  1952. 

The  writer  wishes  to  express  appre- 
ciation to  Dr.  Charles  R,  Hursh,  Chief  of 
the  Division  of  Forest  Influences,  South- 
eastern Forest  Experim.ent  Station,  and 
Edward  A.  Johnson,  Technician-in-Charge, 
Coweeta  Hydrologic  Laboratory,  for  their 
assistajice  in  outlining  the  study  and  their 
continued  interest  and  constructive  criti- 
cism. 

Acknowledgement  is  made  to  Dr.  Lloyd 
M.  Turk,  Dr.  Eugene  P.  Whiteside  and  Dr. 
A.  Earl  Erickson  of  the  Soil  Science  De- 
partment, Michigan  State  College,  for  help- 
ful suggestions  and  constructive  criticism, 
particularly  in  the  soil  analyses. 

Appreciation  is  expressed  also  to  Dr. 
H.  G.  Wilm,  Chief,  Division  of  Forest  In- 
fluences, Forest  Service,  Washington,  D.  C, 
for  his  long-continued  encouragement  and 
inspiration. 


CONTENTS 

Page 

Purpose  and  Scope  1 

Past  Work 2 

The  Coweeta  Hydrologic  Laboratory  7 

The  Little  Hurricane  Watershed   8 

Land  use  history 8 

Geology  and  physiography  11 

Climate 12 

Soils 12 

Vegetation 13 

History  of  the  Experiment 13 

Instrumentation  -  installations   13 

Period  of  standardization   l6 

Clearing  operations   17 

Mountain  farming  treatment  17 

Changes  in  Some  Biologic  and  Edaphic  Characteristics 

of  the  Watershed  as  a  Result  of  Land  Use 22 

Vegetation  changes  22 

Trout  habitat 23 

Edaphic  changes 23 

Hydrologic  Data 32 

Precipitation   33 

Stream  flow 35 

Definition  of  storms  35 

Classification  of  storms 3° 

Distribution  of  storms  3^ 

Changes  in  Runoff  Characteristics  39 

Runoff  percent 39 

Changes  in  flood  peaks  ^0 

Distribution  of  surface  runoff  ^6 

Summary ^8 

Biologic  changes |^-8 

Edaphic  changes ^9 

Runoff  changes 51 

Practical  Implications  for  Land  Use 51 

Literature  Cited   53 


1  - 


INFLUENCE  OF  FOREST  CUTTING  AND  MOUNTAIN  FARMING  ON  SOME 
VEGETATION,  SURFACE  SOIL  AM)   SURFACE  RUNOFF  CHARACTERISTICS^ 

2/ 
Robert  E.  Dils-^ 

PURPOSE  AND  SCOPE 


With  the  increasing  demands  made  on  our  water  supplies  within  the 
past  few  decades  has  come  the  realization  that  fundamental  research  con- 
cerning this  basic  natural  resource  is  woefully  lacking.   Because  the 
water  resource  is  so  closely  linked  with  climate,  it  was  the  consensus 
of  opinion  for  many  centuries  that  man  could  alter  it  no  more  than  he 
could  the  weather.   This  is  not  entirely  true,  for,  in  addition  to  climate, 
the  available  water  supplies  may  be  affected  by  the  vegetation  and  soil 
factors.   Through  his  use  of  the  land,  man  exerts  a  very  significant  in- 
fluence on  both  the  vegetation  and  the  soil.   As  a  result,  he  also  modifies 
the  water  resource,  but  the  nature  and  extent  of  this  modification  has  been 
a  subject  of  much  speculation  and  controversy. 

Because  of  the  lack  of  hydrologic  data,  it  has  been  impossible  in 
the  past  to  establish  a  scientific  basis  for  the  management  of  water  as  a 
natural  resource.   Currently,  an  increasing  demand  for  such  information 
is  being  made  by  many  public  and  private  interests.   Industry  requires  a 
dependable  supply  of  clean  water.   Municipalities  demand  an  adequate,  pure 
water  supply.   Many  public  and  civic  agencies  require  information  for  flood 
control  programs  and  power  projects.   The  recreation  and  tourist  trades  lean 
heavily  upon  the  nation's  water  resource.   Fish  and  wildlife  interests  are 
dependent  upon  clear,  cool  streams  for  the  production  of  fish  and  game. 
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In  recent  years,  many  ambitious  projects  have  been  inaugarated; 
nev  factories  have  been  built,  cities  have  doubled  their  facilities  for 
supplying  water  to  an  increasing  population,  sports  and  recreation  areas 
have  been  developed- -all  at  tremendous  expense  and  all  making  tremendous 
demands  on  the  local  water  resources.   If  the  water  supply  is  found  to 
be  adequate,  clean  and  pure,  such  ventures  prosper.   Unfortunately,  many 
of  these  efforts  have  been  hampered  by  muddy  streams  and  unexpected  stream 
behavior.  When  these  occur,  the  land-use  pattern  of  the  watershed  in  ques- 
tion is  immediately  examined  in  order  to  locate  the  source  of  the  diffi- 
culty.  Frequently,  the  watershed  will  not  be  entirely  in  natural  forest, 
but  will  show  a  mixed  pattern  of  usage.   Small  areas  may  be  farmed,  grazed 
or  logged.   This  immediately  occasions  much  heated  controversy  as  to  just 
which  area  is  the  cause  of  the  trouble.  When  mountain  farming  is  one  of 
the  factors  which  appears  in  a  mixed  land-use  pattern,  the  decreased  value 
of  the  development  often  has  been  attributed  primarily  to  this  practice. 
Just  how  harmful  the  cultivation  of  small  patches  of  steep  land  may  be  has 
been  the  subject  of  much  speculation. 

Thousands  of  acres  of  steep  forest  land  have  been  cleared  for  use 
as  cropland  or  pasture  in  the  Southern  Appalachians.   To  farm  such  land 
successfully  requires  great  skill  and  care.   Many  authorities  claim  that 
much  of  it  should  never  be  farmed  at  all.   It  is  common  knowledge  that  in- 
dividual farmers  may  "wear  out"  many  such  mountain  farms  in  a  lifetime. 

It  is  the  intent  of  this  study  to  detennine  the  effects  of  clearing 
and  cultivating  steep  forested  slopes  on  certain  surface  runoff  characteris- 
tics as  well  as  to  study  some  of  the  resultant  biologic  and  edaphic  changes 
in  the  watershed. 

Numerous  studies  have  been  made  on  cultivated  and  forested  watersheds 
and  indirect  comparisons  made  therefrom.   To  the  writer's  knowledge,  how- 
ever, there  has  been  no  report  in  which  a  forested  watershed  has  been  cali- 
brated, clear  cut  and  cultivated  and  a  direct  comparison  made. 

In  this  study,  carried  out  on  the  Little  Hurricane  Watershed  on  the 
Coweeta  Hydrologic  Laboratory  in  Macon  County,  North  Carolina,  the  forested 
watershed  was  calibrated  from  I93U  to  19i^■0.  In  1940  the  area  was  clear  cut 
and  from  19^1  to  date  has  been  subjected  to  mountain  farming  typical  of  the 
Southern  Appalachian  region.  As  nearly  as  possible  the  land  has  been  treat- 
ed as  though  a  mountain  family  lived  near  the  stream  and  tended  the  area  to 
make  its  livelihood. 

If  the  effects  of  clearing  steep  forest  land  on  the  hydrologic  behav- 
ior of  a  small  watershed  can  be  adequately  determined,  it  should  serve  as 
a  guide  to  the  land-use  questions  on  larger  drainages  and  basins. 


PAST  WORK 

Numerous  investigations  have  been  undertaken  in  many  localities 
throughout  the  country  for  the  purpose  of  measuring  runoff  and  erosion. 
Many  of  these  studies,  however,  have  been  confined  to  cultivated  areas  and 
others  have  been  made  on  a  small-plot  or  lysimeter  scale.  The  literature 
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has  iDecome  so  voluminous  that  no  attempt  is  made  here  to  review  it  all. 
Instead,  only  selected  representative  projects  which  provide  a  particu- 
larly pertinent  background  to  the  present  study  will  be  cited. 

Since  1930  the  Soil  Conservation  Service,  United  States  Depart- 
ment of  Agriculture,  has  established  19  soil  conservation  experiment 
stations  including  numerous  cooperative  projects  with  state  agricultural 
experiment  stations.   Similarly,  the  Forest  Service,  United  States  Depart- 
ment of  Agriculture,  maintains  ik-   stations  where  research  in  watershed 
management  is  currently  being  conducted.   In  addition,  at  least  nine  other 
watershed  research  centers  are  conducting  studies  under  the  jurisdiction 
of  other  federal  and  state  agencies  including  the  Corps  of  Engineers  in 
the  Department  of  the  Army,  the  Weather  Bureau  in  the  Department  of  Com- 
merce, the  Geological  Survey  in  the  Department  of  the  Interior,  the  Tennes- 
see Valley  Authority,  and  the  New  York  and  Michigan  State  Departments  of 
Conservation. 

Stations  at  Statesville,  North  Carolina  {k) ,    and  Watkinsville, 
Georgia  (27),  both  on  the  Piedmont,  are  engaged  in  cropping  and  erosion 
control  measures,  and  measure  runoff  from  small  plots,  lysiraeters,  and 
field  watersheds.  A  comparison  of  land  use  practices  at  the  former  sta- 
tion indicates  decreasing  soil  losses  in  the  following  order:   fallow, 
continuous  cotton,  rotation  (cotton  and  corn  with  winter  cover  crops), 
grass,  woods  burned  annually,  and  unburned  woods. 

In  surface  runoff  the  trends  are  the  same  except  that  the  burned 
woods  area  yields  a  higher  percent  of  precipitation  appearing  as  surface 
runoff  than  does  the  grass  area.   In  the  case  of  the  fallow  area,  over 
I7-I/2  percent  of  the  precipitation  appears  as  surface  runoff,  as  compared 
with  0.7  percent  for  the  unburned  woods. 

The  first  experimental  watershed  project  of  the  Soil  Conservation 
Service  was  established  near  Coshocton,  Ohio,  in  the  Muskingum  Watershed 
Conservancy  District  (20,  27).   Intensive  studies  are  being  made  there  on 
the  effects  of  land  use  and  erosion-control  practices  on  the  conservation 
of  soil  and  moisture  and  on  flood  flows  for  hk   complete  watersheds  support- 
ing various  cover  types.  These  watersheds  range  in  size  from  three  to 
4,600  acres.  An  analysis  of  soil-water  relationships  on  four  small  water- 
sheds at  Coshocton  was  made  by  Dreibelbis  and  Post  (10)  in  19^1.  A  com- 
parison among  a  wooded,  pastured  and  two  cultivated  watersheds  all  on  simi- 
lar soils  showed  a  much  lower  volume  of  surface  runoff   for  the  wooded  area. 
On  the  wooded  watershed  only  0.11  inch  or  0.2  percent  of  the  precipitation 
ran  off  compared  with  O.6O  inch  and  l.k   percent  for  the  pastured  area  and 
6.35  inches  or  I5.O  percent  runoff  for  one  of  the  cultivated  areas. 

A  250-acre  experimental  tract  near  Zanesville,  Ohio,  including  three 
gaged  watersheds,  was  established  in  1933  to  study  the  effect  of  land  use 
on  runoff  and  erosion.   Included  in  this  study  is  a  2.23-acre  wooded  water- 
shed.  For  the  5-year  period  from  193i4--1938,  Borst  and  Woodburn  (7)  noted 
the  average  soil  loss  from  this  watershed  as  O.OI7  tons  per  acre  per  year. 
The  average  annual  runoff  was  noted  as' 0.12^4-6  inches,  which  amounts  to 
approximately  0.3^  percent  of  the  average  annual  precipitation. 

Near  LaCrosse,  Wisconsin  (ik)    a  l60-acre  tract  contains  three  gaged 
watersheds:   a  pasture  cleared  of  timber,  a  grazed  hardwood  forest  and  a 
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typical  ungrazed  woodlot.  An  analysis  of  eight  intense  storms  occurring 
in  1935  indicated  that  ahout  8-I/2  and  3  percent  of  the  precipitation 
appeared  as  surface  runoff  on  the  timbered -grazed  and  cleared-grazed 
watersheds  respectively,  while  on  the  ungrazed  wooded  area  runoff  occurred 
only  twice  and  then  in  quantities  so  small  as  to  be  insignificant.   The 
same  trends  were  indicated  for  soil  losses  from  the  watersheds. 

An  experimental  watershed  project  for  the  Blacklands  region  has 
been  established  on  the  Brazos  Drainage  Basin  near  Waco,  Texas  (27)^  where 
erosion,  land  use,  hydrologic  and  soil  data  are  being  studied  on  thirty 
watersheds.   Included  in  these  studies  are  several  wooded  plots.  Analysis 
of  soil  losses  and  surface  runoff  indicate  similar  results  to  those  ob- 
tained at  Statesville,  N.  C.  Plots  on  virgin  woodlot  yielded  only  0.122 
percent  surface  runoff  and  0.002  tons  per  acre  soil  loss  compared  with 
nearly  30  and  10  percent  surface  runoff  and  65  and  23  tons  per  acre  per 
year  soil  loss  for  fallow  and  continuous  cotton  plots  respectively. 

A  project  designed  to  study  the  effects  of  land  use  and  cultural 
practices  on  surface  runoff  was  established  in  19^0  jointly  by  the  Soil 
Conservation  Service  and  the  Purdue  University  Agricultural  Experiment 
Station  at  Lafayette,  Indiana  (3)«   Included  in  the  twenty  gaged  drainage 
areas  are  two  wooded  watersheds.   Up  to  19^9^  however,  no  treatment  of  the 
wooded  watersheds  had  been  attempted. 

A  similar  study  involving  two  small  agricultural  watersheds  and  one 
wooded  watershed  was  initiated  in  19^0  by  the  Soil  Conservation  Service  in 
cooperation  with  the  Michigan  State  College  Agricultural  Experiment  Station 
near  East  Lansing,  Michigan  (12,  22).   This  project  is  unique  in  that  the 
majority  of  the  installations  on  the  two  cultivated  watersheds  are  designed 
to  record  the  results  directly  on  one  master  recorder  and  switch  panel. 
The  primary  objective  of  this  installation  is  to  study  the  hydrology  of 
farm  lands  under  winter  conditions  of  snow-cover  and  frozen  soil.   Results 
of  the  investigations  to  date  indicate  a  marked  difference  in  soil  losses 
between  the  wooded  watershed  and  the  two  agricultural  watersheds.   Total 
soil  losses  from  the  wooded  watershed  for  a  10-year  period  amounted  to  only 
6k   pounds  as  compared  with  many  tons  from  the  two  cultivated  areas.   Simi- 
lar differences  in  surface  runoff  were  noted  except  under  conditions  of 
frozen  ground  and  snow  cover.   A  commercial  clear-cut  treatment  was  applied 
to  the  wooded  watershed  in  1951;  however,  results  of  this  treatment  will  not 
be  available  for  at  least  5  years. 

Experimental  watershed  studies  by  the  Forest  Service,  United  States 
Department  of  Agriculture,  are  being  conducted  at  six  of  the  Forest  Experi- 
ment Stations:   Southeastern,  California,  Southwestern,  Rocky  Mountain,  In-^ 
termountain,  and  Northeastern  (27). 

At  the  Southeastern  Station,  hydrologic  studies  are  being  made  at  the 
Calhoun  Experimental  Forest  near  Union,  South  Carolina,  and  at  the  Coweeta 
Hydrologic  Laboratory  near  Franklin,  North  Carolina.   At  the  Coweeta  station 
(16,  25),  in  addition  to  the  study  covered  herein,  research  projects  include 
the  determination  of  the  effects  of  the  following  treatments  upon  water  yield 
and  water  quality:   (a)  permanent  complete  removal  of  all  major  vegetation, 
(b)  temporary  complete  removal  of  all  major  vegetation,  (c)  removal  of  riparian 
vegetation,  (d)  local  logging  practices,  (e)  woodland  grazing,  (f)  removal  of 
understory  vegetation  (laurel  and  rhododendron),  (g)  temporary  defoliation  by 
gas,  and  (h)  forest  fires. 
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The  results  of  investigations  being  conducted  at  Coweeta  are: 

(a)  cutting  all  trees  on  a  steep,  heavily  forested  watershed  and  annu- 
ally cutting  back  the  sprouts  (with  no  removal  of  wood  products  and  no 
disturbance  to  soil)  increases  water  yields  by  17  area  inches  annually; 

(b)  similar  cutting,  but  with  sprouts  allowed  to  grow  back,  increases 
water  yield  approximately  17  inches  and  this  increase  becomes  progres- 
sively less  as  the  coppice  stand  grows  older;  (c)  cutting  streambank 
vegetation  tends  to  eliminate  diurnal  fluctuations  in  stream  flow; 

(d)  local  logging  practices,  particularly  poorly  located  and  constructed 
logging  roads,  effect  a  marked  increase  in  erosion  and  stream  turbidity; 

(e)  woodland  grazing  brings  about  a  marked  increase  in  overland  storm 
runoff  and  erosion  and  shows  that  the  cattle  grazed  on  the  watershed 
fail  to  thrive  (17);  (f)  the  removal  of  an  understory  of  laurel  and  rho- 
dodendron effects  an  increase  in  water  yield  of  approximately  3  area  inches 
per  year;  (g)  preliminary  observations  indicate  that  temporary  defoliation 
of  vegetation  by  gas  may  be  used  as  an  emergency  measure  in  extreme  drought 
periods  to  reduce  transpiration  and  thus  increase  water  yields. 

The  major  work  center  for  the  California  Forest  and  Range  Experiment 
Station  is  the  San  Dimas  Experimental  Forest,  near  Los  Angeles.   Projects 
are  under  way  here  to  study  the  disposition  of  rainfall  as  influenced  by 
watershed  conditions,  including  vegetation,  soils,  geology  and  topography; 
and  to  develop  methods  of  watershed  management,  including  the  treatment  of 
areas  denuded  by  fire,  to  assure  maximum  yield  of  usable  water  and  satis- 
factory regulation  of  flood  runoff  and  erosion.   Installations  include  17 
watersheds,  l8  experimental  plots  and  26  large  lysimeters. 

Forest  influences  and  watershed  management  investigations  at  the 
Southwestern  Forest  and  Range  Experiment  Station  are  carried  out  on  the 
Sierra  Ancha  Experimental  Forest  near  Globe,  Arizona.  Work  projects  there 
are  designed  to  determine  the  influence  of  vegetation  (forest,  evergreen 
shrub,  and  range)  on  stream  flow,  water  uses,  water  losses,  erosion  and 
sediment  production.   Gaged  watersheds,  plots,  and  natural  lysimeters  are 
utilized.   In  addition  to  the  Sierra  Ancha  Experimental  Forest,  experimen- 
tal plots  are  located  in  representative  areas  throughout  the  Salt  River 
Watershed.   Plot  studies  on  range  land  on  the  Sierra  Ancha  station  demon- 
strated that  ungrazed  range  land  with  good  plant  cover  produced  higher 
water  yields  and  much  lower  soil  losses  than  overgrazed  range  with  poor 
ground  cover  (26) . 

Hydrologic  investigations  of  the  Rocky  Mountain  Forest  and  Range 
Experiment  Station  are  carried  out  at  the  Fraser  Experimental  Forest  near 
Grand  Lake,  Colorado;  the  Manitou  Experimental  Forest  near  Colorado  Springs, 
Colorado;  and  at  the  Western  Slope  Research  Center  near  Delta,  Colorado. 
At  the  Manitou  station,  studies  are  being  made  on  the  influence  of  grazing, 
timber  cutting,  and  revegetation  of  depleted  watershed  lands  upon  water 
supplies  and  more  particularly  upon  erosion  and  sedimentation.  Experiments 
at  the  Fraser  Experimental  Forest  are  designed  to  show  the  influence  of 
lodgepole  pine  and  spruce-fir  forests  and  of  the  cutting  of  this  timber 
upon  the  yield  of  water  largely  from  stored  snow.  At  the  Western  Slope 
Research  Center  major  effort  is  devoted  to  the  analysis  of  range  and  water- 
shed problems  for  drainage  basins  of  western  Colorado.   Small  grazing  and 
reseeding  projects  have  been  established  and  plans  are  being  drawn  for 
studies  of  the  effects  of  vegetation  and  grazing  on  infiltration  and  erosion. 
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At  the  Intermountain  Forest  and  Range  Experiment  Station  (2,  _3)  tests 
are  under  way  to  study  the  effects  of  forest,  brush  and  herbaceous  plant 
cover  in  natural,  depleted  and  restored  condition  on  the  infiltration,  stor- 
age, fertility,  biology  and  stability  of  forest  and  range  land  soils;  to 
determine  land  use  practices  for  stabilizing  eroding  watershed  soils  and  for 
maintaining  soil  stability  under  the  impact  of  grazing,  logging  and  other 
wildland  uses.   Studies  are  being  conducted  on  coarse,  granitic  soils  of 
southwest  Idaho;  various  soils  on  steep  slopes  of  the  Wasatch  Mountains  in 
northern  Utah;  and  on  heavy  limestone  soils  on  the  Wasatch  Plateau  in  central 
Utah. 

A  surface  infiltration  study  made  on  the  Uinta  National  Forest  in  Utah 
in  1951  indicates  that  infiltration  rates  averaged  from  5  to  50  percent  lower 
on  grazed  sites  than  on  ungrazed  areas.   Storm  runoff  from  the  grazed  plots 
ranged  from  50  to  100  percent  more  than  on  the  ungrazed  areas,  and  soil  losses 
on  the  grazed  plots  averaged  six  to  eight  times  more  than  on  ungrazed  areas 
(28). 

At  the  Northeastern  Forest  Experiment  Station,  a  study  was  initiated 
in  November,  19^8  on  the  Lehigh-Delaware  Experimental  Forest  (23)  of  about 
1800  acres  to  determine  the  influence  of  the  present  scrub-oak  cover  on  run- 
off. After  a  period  of  calibration  it  is  planned  to  convert  the  cover  from 
scrub-oak  to  a  better  forest  type  by  forest  management  and  protection  measures 
and  to  evaluate  the  effect  of  these  changes  in  cover  on  runoff  and  ground  water. 

The  earliest  hydrologic  investigation  in  this  country  concerned  with 
the  influence  of  forests  on  streamflow  and  runoff  was  initiated  in  I909  by 
the  United  States  Forest  Service  and  the  United  States  Weather  Bureau  at  Wagon 
Wheel  Gap,  Colorado.  Bates  and  Henry  (5_)  reported  in  192?  that  the  cutting  of 
forest  cover  increased  the  total  annual  water  yield,  increased  water  yield  from 
snow  and  produced  increased  erosion.   They  further  indicated  that  the  results 
were  blurred  by  such  conditions  as  porous  soils,  thin  original  cover  and  pro- 
lific sprouting  of  aspen. 

One  of  the  earliest  investigations  was  that  initiated  by  Raraser  in 
1917  near  Jackson,  Tennessee.   He  worked  with  six  watersheds  varying  in  size 
from  1.25  to  112  acres,  five  of  which  were  in  mixed  land  use  and  contained 
forest  cover  varying  from  l4  to  55  percent.   Ramser  reported  in  192?  (19)  that 
forest  cover  has  a  decided  influence  in  reducing  the  rate  of  runoff  from  a 
watershed  except  when  antecedent  rainfall  has  been  high,  in  which  case  the 
influence  is  slight.  f 

In  1932  a  study  was  started  by  the  Geological  Survey,  United  States 
Department  of  Interior,  in  cooperation  with  the  State  of  New  York  Conserva-  ~ 
tion  Department  to  determine  the  influence  of  reforestation  on  stream  flow 
in  state  forests  in  central  New  York.   Submargmal  lands  were  purchased  and 
planted  to  coniferous  tree  species.  Ayer  (1)  reported  in  19^9  that  up  to 
that  time  practically  no  significant  change  in  runoff  had  been  effected. 

One  of  the  most  recent  reports  is  that  of  the  White  Hollow  Watershed 
in  Union  County,  Tennessee  published  by  the  Tennessee  Valley  Authority  in  1951 
(2^4-).   The  1715-acre  White  Hollow  Watershed  was  set  aside  for  watershed  studies 
in  1936.   Following  acquisition,  watershed  management  included  extensive  ero- 
sion-control operations  and  tree  planting.   The  study  shows  the  following 
changes  in  surface  runoff  and  other  hydrologic  characteristics  as  a  result  of 


15  years  of  improvement  and  management:   (a)   The  improvement  in  forest 
cover  which  occurred  resulted  in  greater  watershed  protection  without 
measurable  decrease  in  water  yield,   (b)   There  was  no  shift  in  the  sea- 
sonal runoff  pattern  as  a  result  of  land-use  changes.   (c)  No  measurable 
change  took  place  in  the  total  quantity  of  evapo -transpiration  plus  other 
losses.  Apparently,  since  a  greater  density  of  vegetal  cover  must  be  sup- 
ported by  greater  water  use  through  transpiration,  balancing  factors  were 
in  operation.   (d)   Peak  discharges  during  the  summer  season  were  markedly 
reduced.  Reductions  in  winter  peak  discharge  rates  were  not  appreciable. 
(e)   The  greater  part  of  the  peak  discharge  reduction  occurred  in  the  first 
two  or  three  years  of  investigations,  smaller  reductions  continuing  after 
that  time.   (f)  Modification  of  summer  peak  discharges  were  so  great  that 
the  frequency  of  peaks  during  the  latter  years  was  much  less  than  during 
the  earlier  years.   (g)  The  time  distribution  of  surface  runoff  was  mate- 
rially changed.   Surface  runoff  discharge  was  prolonged  to  produce  a  more 
sustained  flow.   (h)   Comparison  of  sediment  records  based  upon  manually 
collected  samples  during  early  years  with  records  obtained  during  the  past 
year  (195O)  by  means  of  an  automatic  sampler  shows  clearly  that  there  has 
been  a  very  material  reduction  in  sediment  load  during  the  15-year  period 
of  observations. 

It  is  apparent,  after  a  review  of  the  literature,  that  a  direct  com- 
parison of  the  results  of  this  study  with  any  previously  reported  is  virtu- 
ally impossible.  Many  studies  have  demonstrated  that  watersheds  or  plots 
with  undisturbed  forest  cover  yield  less  surface  runoff  and  produces  less 
soil  loss  than  grazed  or  burned  forests,  pastures  and  croplands.   In  few 
cases,  however,  have  attempts  been  made  to  show  changes  in  surface  runoff 
except  in  terms  of  total  surface  runoff  expressed  as  a  percent  of  the  pre- 
cipitation. 

The  study  made  in  this  report  is  unique  in  that  the  watershed  was 
calibrated  under  forest  conditions,  the  forest  cover  was  removed  and  land 
use  practices  then  applied.   In  addition,  an  adjacent  watershed  with  simi- 
lar characteristics  was  maintained  in  continuous  forest  cover,  thus  pro- 
viding a  further  control.   Consequently,  an  opportunity  was  provided  to 
study  more  detailed  changes  in  surface  runoff. 


THE  COIVEETA  HYDROLOGIC  LABORATORY 


With  the  recognition  of  the  need  for  additional  research  in  water- 
shed management  came  the  realization  also  that  the  selection  of  sites  for 
such  research  would  be  complicated  and  difficult.   Foresters,  hydrologists 
and  engineers  contributed  rigid  specifications  which  had  to  be  fulfilled 
if  the  findings  were  to  be  valid  and  of  more  than  local  significance. 

One  area  which  met  every  important  requirement  was  a  5,600-acre  tract 
in  the  Nantahala  Mountains  of  western  North  Carolina.   This  tract,  estab- 
lished in  1933  by  the  United  States  Forest  Service,  is  now  internationally 
known  as  the  Coweeta  Hydrologic  Laboratory.  Several  factors  combine  to  make 
the  area  ideal  as  a  natural  laboratory  suitable  for  fundamental  hydrologic 
research.   Rainfall  is  high,  averaging  72  inches  per  year,  and  is  rather 
uniformly  distributed  throughout  the  year.   Because  of  the  frequency  of 
storms  and  the  uniformity  of  the  storm  pattern,  it  is  possible  to  obtain 
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valid  results  in  much  shorter  time  than  in  an  area  of  less  precipitation. 
Approximately  98  percent  of  the  precipitation  occurs  as  rain,  so  there  is 
little  snow  to  complicate  the  studies. 

Topographically,  this  particular  section  is  also  ideal  in  that  its 
steep  slopes  and  sharp  ridges  form  natural  boundaries  for  the  many  small 
drainage  basins--each  an  independent  hydrologic  unit--necessary  for  re- 
search of  this  type.   Elevations  vary  from  2,200  to  5^200  feet  within  the 
boundaries  of  the  station. 

Although  over  half  of  the  Coweeta  area  was  cut  over  25  years  before 
the  government  acquired  ownership,  land  use  practices  have  altered  the  char- 
acter of  the  forest  itself  very  little.   A  dense  mixed-hardwood  forest, 
typical  of  much  of  eastern  United  States,  is  predominant  at  Coweeta.   The 
cut -over  lands  support  second-growth  forest  and  the  remainder  of  the  land  is 
in  old  growth.   Chestnut  was  formerly  the  major  species  but  has  been  wiped 
out  by  the  blight.   The  largest  part  of  the  forest  is  now  in  oak-hickory. 
Another  15  percent  is  in  cove  hardwoods:   yellow-poplar  and  northern  red  oak, 
intermixed  with  hemlock  along  the  streams.   Sugar  maple,  yellow  birch,  beech 
and  pitch  pine  occur  occasionally  at  the  higher  elevations. 

Because  of  the  similarity  of  this  area  to  many  other  parts  of  the 
country  and  because  of  the  favorable  pattern  of  precipitation,  data  derived 
from  studies  on  the  Coweeta  tract  can  be  applied  elsewhere.   Consequently, 
research  conducted  here  in  water  behavior  and  management  has  national  as 
well  as  local  significance. 


THE  LITTLE  HURRICANE  WATERSHED 


The  Little  Hurricane  Watershed,  designated  as  drainage  No.  3^  is 
located  in  the  Coweeta  Hydrologic  Laboratory,  Macon  County,  North  Carolina. 
Its  location  within  the  Coweeta  area  is  shown  in  figure  1  along  with  the 
control  watershed.  No.  2.   The  waters  of  the  Little  Hurricane  Branch  flow 
into  Shope  Creek  and  thence  into  Coweeta  Creek,  which  is  a  tributary  of 
the  Little  Tennessee  River.   Figure  2  shows  an  over  all  view  and  map  of 
the  study  watershed.   Its  aspect  or  exposure  is  essentially  southeast. 

Land  Use  History 

In  1835  a  hurricane  is  reported  to  have  levelled  all  the  timber  in 
the  Little  Hurricane  and  the  Hurricane  drainage  adjacent  to  it;  hence  the 
names  of  the  watersheds.   Prior  to  I857  white  settlers  pushing  into  this 
region  grazed  the  drainage  area  to  some  extent.   As  the  Indians  before  than 
had  done,  the  settlers  practices  semi-annual  burning  of  the  woods  in  order 
to  improve  the  quality  of  the  grazing.   In  I857  the  second-growth  timber  on 
the  lower  ten  acres  of  the  watershed  was  cleared  for  farming  and  the  area 
was  cultivated  until  I887.   This  included  nearly  all  of  the  areas  which  are 
now  the  lower  pasture  and  abandoned  cornfield.   The  yields  became  so  low 
that  the  fields  were  then  used  only  for  grazing  until  I9OO. 

In  1901  the  area  was  included  in  the  land  purchased  by  the  Nantahala 
Company,  a  land  speculation  group.   From  I9OI  until  19^^-0  "third-growth" 
timber,  largely  of  the  oak-chestnut  and  cove  hardwood  types  re-established 
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Figure  1, — Individual  drainage  areas  at  Coweeta. 


itself.  By  193^  "the  dominant  trees  were  l8-20  inches  in  diameter.   The 
chestnut,  however,  had  dropped  out  because  of  the  blight. 

Only  the  best  quality  oak,  chestnut  and  yellow-poplar  was  logged 
from  the  second  growth  forest  adjoining  the  old  field  in  191^.   The  re- 
maining trees  were  left  unharmed  except  for  the  damage  occasioned  by 
the  logging. 

The  U.  S.  Forest  Service  acquired  the  area  in  1923  and  it  became 
a  part  of  the  Nantahala  National  Forest.   In  193^  "the  drainage  was  in- 
cluded in  the  area  set  aside  as  the  Coweeta  Experimental  Forest.   This 
name  was  officially  changed  to  the  Coweeta  Hydro logic  Laboratory  in  19^9. 

After  a  period  of  standardization  or  calibration  starting  in  193^^ 
the  watershed  was  clear  cut  in  19^0  preparatory  to  the  "mountain  farming" 
treatment.   Figure  3  shows  clearing  operations  by  CCC  enrollees  during 
the  winter  of  that  year. 
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Figure  2. — The  Little  Hurricane  watershed  com 
prises  22.79  acres. 


3124 
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Figure  3. --Clearing  operations  by  CCC  enrollees,  1939-19i)-0. 


Geology  and  Physiography 

The  Little  Hurricane  Watershed  lies  In  the  Blue  Ridge  province  of 
the  Southern  Appalachians.   The  underlying  rock  is  the  Archean  Carolina 
gneiss  and  schist.   The  thickness  of  this  formation,  which  was  enormous, 
was  greatly  increased  by  complex  folding.   As  a  result  of  folding  and 
the  absence  of  open  faults  and  fractures,  there  is  little  likelihood 
that  continuous  channels  exist  to  permit  the  subterranean  escape  of  water 
through  the  rock. 

The  parent  material  weathers  to  form  a  relatively  deep  soil  mantle 
with  bare  outcrops  of  rock  appearing  only  on  the  steeper  slopes  at  high 
elevations.   Two  small  outcrops  occurring  on  the  upper  slopes  of  the 
drainage  are  shown  in  figure  2. 

The  topography  of  the  area  is  steep  and  rugged.  The  mean  sea  level 
elevations  range  from  2,425  feet  at  the  base  of  weir  to  3^2^  feet  at  the 
top  of  the  watershed.  The  distance  from  the  base  to  the  top  is  about  one- 
third  mile.   The  land  slopes  are  quite  steep  with  north-south  averages  k6 
percent  and  east-west  averages  58  percent.   The  mean  slope  for  the  water- 
shed is  51  percent  and  the  range  is  from  10  percent  near  the  bottom  to 
nearly  80  percent  at  the  head  of  the  drainage. 
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The  drainage  pattern  of  the  Little  Hurricane  Branch  is  dendritic, 
the  stream  channel  is  V-shaped  and  the  slopes  are  concave,  all  indicating 
the  youthful  stage  of  the  stream.   The  permanent  stream  channel  is  k^^ 
feet  long  with  a  drop  of  65  feet.   The  average  stream  gradient  is  l4.9 
percent. 

The  ground  water  table  is  only  slightly  less  steep  than  the  general 
slope  of  the  land  surface,  and  at  four  observation  wells  ranges  from  8  to 
16  feet  below  the  soil  surface. 

Climate^ 

The  climate  of  the  Coweeta  area  is  characterized  by  moderate  tempera- 
tures and  abundant  rainfall.   The  mean  annual  temperature  is  55  F«  and  the 
normal  frost-free  season  extends  from  April  I7  to  October  23,  a  period  of 
189  days.   The  average  temperature  during  the  growing  season  is  65  F.   Re- 
cordings of  90  ?•  a^e  rare,  and  summer  nights  are  cool  with  minimums  aver- 
aging 58  F.   The  three  coldest  months,  December,  January  and  February, 
average  39  F.   Periods  of  cold  weather  with  temperatures  below  20  F.  are 
short  in  duration.   The  highest  and  lowest  recorded  temperatures  are  9^  F. 
and  -I5  F.  respectively. 

The  average  annual  rainfall  over  the  Coweeta  Hydrologic  Laboratory 
is  80  inches  and  is  well  distributed  throughout  the  year.   For  the  past 
15  years,  precipitation  has  averaged  3*2  inches  in  October,  the  driest 
month,  and  7«2  inches  in  March,  the  wettest  month.   The  greatest  amount  of 
rainfall  is  received  in  the  southwest  portion  of  the  area  and  the  least 
in  the  northeast  corner.   The  difference  between  these  two  zones  is  about 
20  inches  a  year. 

The  average  monthly  evaporation,  measured  by  a  standard  U.  S.  Weather 
Bureau  evaporation  pan,  varies  from  O.98  inches  in  December  to  U.IO  inches 
in  May.   The  average  total  evaporation  for  the  year  is  33' 5^  inches,  or 
2.80  inches  per  month. 

Soils 

The  soils  on  the  watershed  are  derived  from  Archean  granite  gneiss 
and  schist.   The  parent  rocks  weather  to  form  a  relatively  deep  soil  man- 
tle.  A  colluvial  fill  which  is  more  than  20  feet  thick  occurs  on  the 
lower  portion  of  the  drainage.   On  the  upper  slopes  the  soil  mantle  ranges 
from  5-10  feet  in  thickness.   Two  rock  outcrops  and  evidences  of  an  old 
landslide  are  present.   The  lower  pasture  land  shows  the  effects  of  former 
cultivation  more  noticeably  than  the  areas  recently  cropped. 

Except  for  the  colluvial  fill /at  the  base  of  the  watershed,  the  soils 
are  classified  as  Porters  loam  (9).—   In  the  colluvial  fill  they  are  Por- 


3/  All  climatic  values  given  here  are  based  on  I5  years  record  at 
weather  station  #1  (Headquarters  area)  Coweeta  Hydrologic  Laboratory. 

h/     The  entire  watershed  was  mapped  by  Devereux  et  al  in  1929  as  Por- 
ters stony  loam.   After  the  examination  of  numerous  soil  profiles  throughout 
the  area  and  more  recent  descriptions  of  the  Porters  stony  loam.  Porters 
loam,  and  Porters  loam  colluvial  phase,  it  is  believed  that  the  above  classi- 
fication is  more  nearly  correct. 
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ters  loam  colluvial  phase.   The  surface  soil  of  Porters  loam  rarigeb  from 
6  to  12  inches  in  depth  and  consists  of  mellow  and  friable  brown  lo;-im. 
The  subsoil^  to  a  depth  of  20-28  inches,  is  a  red  to  reddish-brown,  fri- 
able and  crumbly  clay-loam.  Below  this  is  a  reddish-brown  mixture  of  clay 
loam  and  disintegrated  rock. 

Porters  loam  colluvial  phase,  is  similar  in  color  to  typicsJ.  Porters 
loam  but  is  much  deeper  and  in  some  places  practically  no  difference  exists 
between  the  surface  soil  and  the  subsoil.  This  soil  contains  a  fairly  high 
content  of  rock  fragments  which  have  rolled  down  from  the  mountain  sides. 

According  to  Devereux  et  al  (9)  Porters  loara  is  considered  as  one  of 
the  better  agricultural  soils  of  the  county.   If  it  occupied  more  favorable 
relief,  probably  all  of  it  would  be  cultivated,  but  under  existing  conditions 
only  a  small  part  is  in  such  use.  The  principal  crop  is  corn,  and  yields 
range  from  15  to  40  bushels  per  acre.   Cabbage,  potatoes,  snap  beans,  and 
pumpkins  do  well  also.   Porters  loam  is  one  of  the  good  pasture-grass  soils 
of  western  North  Carolina.   Soils  of  the  colluvial  phase  are  used  for  the 
production  of  corn,  cabbage  and  potatoes,  and  the  yields  are  about  the  same 
as  those  obtained  on  typical  Porters  loam. 

Vegetation 

Previous  to  clearing,  the  primary  forest  vegetation  consisted  of 
second-growth  forest  of  the  oak-chestnut  type,  with  cove-hardwopd  and 
yellow  pine-hardwood  types  on  smaller  areas.  The  scale  for  the  merchant- 
able timber  cut  on  ten  acres  below  the  contour  trail  during  clear  cutting 
operations  in  19^0  is  given  below  (Scribner  Decimal  C  rule  with  allowance 
for  defect) : 

Species  Board  feet 

Pitch  pine  2,0l+0 

Yellow-poplar  7/750 

Black  oak  2,310 

White  oak  420 

Chestnut  25O 

Basswood  590 

Red  oak  56O 

Total  (lUl  logs)     13,920 


HISTORY  OF  THE  EXPERIMENT 


Instrumentation  -  Installations 

Precipitation. --Precipitation  or  recharge  to  the  watershed  is  measured 
by  three  standard  rain  gages,  numbers  16,  20,  and  67.  Gages  I6  and  20  have 
been  in  operation  continuously  since  July  k,    193^.   Gage  67  was  installed  on 
June  9}    19^0  and  has  been  in  continuous  operation  since  that  date.  Previous 
to  the  installation  of  gage  67,  measurements  from  standard  rain  gage  21  were 
also  applied  to  the  area. 
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Until  June  9,   ^9^^0,   rainfall  intensities  were  measured  "by  recording 
rain  gage  1,  located  on  the  adjacent  drainage  area  No.  7»  Gage  10  has  been 
used  since  its  installation  on  June  9,   19^0.  Recording  rain  gage  10  and 
standard  rain  gage  67  are  located  adjacent  to  each  other  in  order  to  pro- 
vide a  check  against  the  accuracy  of  the  former. 

Charts  are  changed  at  least  once  a  week  on  the  recording  rain  gage 
and  it  is  completely  serviced  and  checked  at  least  once  each  year.  The 
standard  rain  gages  are  read  following  each  storm  or  as  nearly  so  as  pos- 
sible. Standard  rain  gage  data  are  summarized  and  tabulated  by  months, 
hydrologic  seasons,  calendar  years  and  hydrologic  years. 

To  compute  the  total  precipitation  of  the  watershed,  the  Horton- 
Theissen  Means  method  (l^)  of  weighting  precipitation  is  used.  Figure  k 
shows  the  geometric  division  of  the  watershed  for  these  calculations,  as 
well  as  the  location  of  the  different  installations. 


Legend 


•  Standard  rain  gages 

o  Recording  rain  gage 

▲  Groundwater  wells 

g  Meteorological  station 

—  —  Thelssen-Means  lines 

^^  Thelssen-Means  weight 
~~"   factors 


Figure  4. --Installations  for  measuring  water  cycle  components  on  the 
Little  Hurricane  drainage  area. 
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Figure  5. — Columbus  deep-notch  control  for  measuring  stream  flow.  At  right  of  weir  is  the  gage 
house;  below  Is  the  catchment  basin  for  collecting  sediment. 


Precipitation  intensities  stre  computed  from  the  recording  rain  gage 
charts.  These  data  are  then  tabulated  on  precipitation  intensity  records 
and  corrected  to  agree  with  the  reading  of  the  standard  rain  gage  located 
adjacent  to  it.   Since  the  area  of  the  watershed  is  only  approximately  23 
acres,  a  single  recording  rain  gage  is  used  for  intensity  determinations. 

Stream  flow .--To  measure  the  discharge  from  the  watershed  a  90-de- 
gree  V-notch  weir  with  a  continuous  water  stage  recorder,  was  installed  on 
July  5^  193^*   In  order  to  measure  a  wider  range  in  stream  flow  and  to  accom- 
modate greater  debris  loads,  anticipated  as  a  result  of  the  watershed  treat- 
ment, the  90-degree  V-notch  control  was  replaced  with  a  Columbus  CIA  deep- 
notch  control  in  December  1939.  Figure  5  pictures  the  latter  stream  control. 
In  addition,  a  concrete  stilling  well  was  installed. 
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To  convert  the  stream-flow  data  into  usable  form^  the  head  and 
time  readings  are  taken  from  the  water  level  charts  and  then  converted 
into  volume  values,  i.e.,  cubic  feet  per  second  (c.f.s.)  and  cubic  feet 
per  second  per  square  mile  (c.s.m.).  For  special  storm  studies,  inches 
per  hour  is  used  as  well.  Volume  data  are,  as  in  the  case  of  precipita- 
tion data,  summarized  by  days,  months,  hydrologic  seasons  and  years  as 
well  as  by  individual  storms.  For  special  storm  studies,  volume  values 
are  plotted  over  time  to  give  the  storm  hydrographs. 

Water  stage  recorders  are  completely  serviced  and  overhauled  at 
least  once  per  year.  Recorder  charts  are  changed  at  least  once  per  week 
and  more  frequently  when  major  storms  occur. 

Soil  losses. --In  August  of  19^1  the  concrete  debris  basin  shown  in 
figure  5  was  constructed  to  measure  soil  losses  from  the  watershed.   The 
design  of  the  basin  was  based  upon  Stokes  Law  of  the  settling  velocity 
of  particles  in  a  liquid.   The  installation  consists  of  three  individual 
basins  each  with  five  baffles.   The  basin  obviously  catches  all  but  the 
finest  materials  as  evidenced  by  the  absence  of  sediment  in  the  stream 
channel  below  the  installation. 

The  debris  basin  is  cleaned  each  spring  if  required  or  more  fre- 
quently in  seasons  with  major  storms  producing  heavy  soil  losses.   Prior 
to  the  installation  of  the  debris  basin,  estimates  of  soil  losses  were 
made  from  samples  taken  from  the  silting  basin. 

Ground  water. --To  study  fluctuations  in  the  ground  water  surface, 
four  wells  were  installed  during  the  summer  of  19^1.  Daily  measurements 
of  the  water  elevations  in  the  wells  were  made  until  November  1,  19^2. 
At  that  time  water  stage  recorders  were  installed  on  wells  1  and  2. 
Weekly  measurements  of  the  water  levels  in  wells  3  a-^d  k   were  made  until 
April  2k,    1944  when,  due  to  a  shortage  of  funds  and  labor,  water  level 
readings  in  these  two  wells  were  discontinued. 

Because  of  the  restricted  scope  of  this  study  no  attempt  was  made 
to  include  ground  water  studies. 

Period  of  Standardization,  193^-1939 

On  July  5,  193^^  a  90-degree  V-notch  stream  control  was  put  into 
operation  along  with  two  standard  rain  gages  (No.  16  and  No.  20).  A  re- 
cording rain  gage  of  the  float  type  (No.  l)  and  another  standard  rain  gage 
(No.  21)  were  installed  on  October  18,  193^  in  the  adjoining  drainage 
(Hurricane  or  area  No.  7). 

On  August  3}    1939  the  V-notch  weir  was  removed  and  on  December  20, 
1939  a  modified  Columbus  type  1-A  deep-notch  stream  control  was  installed 
in  order  to  measure  a  greater  range  of  flows  and  to  accommodate  greater 
debris  loads. 

The  maximum  rate  of  runoff  measured  before  clearing  was  110  cubic 
feet  per  second  per  square  mile  following  a  rain  of  4.67  inches  in  Novem- 
ber of  1938.   The  maximum  intensity  of  this  rain  was  2.12  inches  per  hour. 

Before  clearing,  the  rate  of  sediment  movement,  based  on  accumula- 
tion in  the  weir  pond,  was  9.6  pounds  per  day. 
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clearing  Operations,  19^0 

Logging  and  clearing  operations  were  started  in  November,  1939  and 
were  completed  in  July,  19^0.   The  merchantable  timber  on  the  area  below 
the  contour  trail  was  sold  to  a  local  firm  and  logged  to  simulate  local 
practices.   The  balance  of  the  watershed  was  cleared  by  CCC  enrollees. 
On  the  lower  portion,  stumps  over  l6  inches  in  diameter  were  pulled  and 
the  brush  was  piled  and  burned  around  the  larger  st-umps  which  remained. 
On  the  upper  portion  the  trees  were  cut  and  the  slash  scattered  over  the 
groimd  to  form  a  mulch.   About  two  acres  of  the  area  about  the  contour 
trail  was  burned  over  by  a  forest  fire  which  occurred  on  July  2,  19^0. 

Mountain  Farming  Treatment,  19^1-19^1 

In  the  spring  of  19^1  an  area  of  5*6  acres  was  plowed  and  planted 
to  Hickory  King  corn  (fig.  6).   The  corn  was  cultivated  by  hoe  during  May 
and  June  and  the  crop  of  about  23  bushels  per  acre  was  harvested  in  Novem- 
ber.  If  the  19^2  season  Hickory  King  corn  was  again  planted  and  yielded 


Figure  6. --Plowing  cornfield  with  single-foot  or  bull-tongue  plow  for  first  crop 

of  corn,  April  19i*-0. 
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over  15  "bucaels  per  acre.  Hog-proof  fence  was  installed  around  the  corn- 
field during  the  season.  Golden  Prolific  corn  was  planted  in  19^3  and 
gave  slightly  less  than  15  bushels  per  acre.  The  19^3  season  was  marked 
by  abundant  rainfall  and  intense  thunderstorms.  The  first  notable  wash- 
ing of  the  cornfield  occurred  during  this  season.  Due  to  a  lack  of  funds 
and  labor,  the  cornfield  was  permitted  to  grow  up  into  weeds  and  shrubs 
during  the  19^^  and  19^5  seasons.   Cattle,  however,  were  excluded  from  the 
area.  In  19^6  the  cornfield  was  cleared  of  weeds  and  woody  vegetation 
and  plowed  again.  Hybrid  U.  S.  I3  yellow  corn  was  planted.  The  harvest 
was  11.6  bushels  per  acre.   In  19^7  and  19^8  Hickory  King  corn  was  again 
planted  and  8OO  pounds  of  fertilizer  mixture  of  i<--10-4  and  4-10-6  were 
applied.  The  respective  yields  for  the  two  seasons  were  16  and  ik.k 
bushels  per  acre.  Figure  7  shows  harvesting  operations  in  19^8.   In  19^9 
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Figure  7. --Harvesting  19i)-8  corn  crop.  Yield  14.4  bushels  per  acre. 


Hickory  King  corn  was  planted  and  fertilizer  applied  for  a  third  time. 
Due  to  decreased  fertility  and  numerous  Intense  thunderstorms  resulting 
in  soil  as  well  as  corn  washing,  the  yield  for  19^4-9  dropped  to  1  bushel 
per  acre.  Since  yields  had  decreased  to  the  point  where  the  cultivation 
of  corn  was  no  longer  profitable,  the  area  was  converted  into  pasture 
following  the  19^9  season.  Figure  8  summarizes  the  corn  yields  for  the 
7  years  of  record. 
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Figure  8. — Summary  of  corn  yields,  1941-1949. 


Of  the  17  acres  outside  the  cornfield  (fig.  9)  ahout  10  acres  were 
too  rough  or  brushy  for  pasture  and  were  permitted  to  grow  up  into  coppice 
forest.   One  hundred  pounds  of  Cherokee  pasture  seed  mix  was  sown  on  the 
remaining  12  acres  in  19^2.   Competition  from  trees  and  shrubs,  however, 
prevented  a  good  catch  of  grass.   Cattle  were  alternated  between  this 
pasture  and  the  adjacent  wooded  watershed  (No.  7)«   In  a-H  there  were 
336  animal  days  of  grazing  on  watershed  No.  3* 


Figure  9. — Map  showing  the  four  different  types  of 
land  use  in  1951 • 
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During  the  19^+3  season  eight  animals  were  grazed  for  67  days.   In 
March  100  pounds  of  Italian  rye  grass  and  red  top  were  sown  over  the  pas- 
ture area  and  in  August  the  sprouts  and  shrubs  below  the  contour  trail 
were  cut  back  in  an  attempt  to  improve  the  forage.   In  19^U  a  drift  fence 
was  built  just  below  and  to  the  right  of  the  recording  rain  gage  to  con- 
trol grazing  and  to  prevent  concentration  on  the  lower  portion  of  the 
pasture.  Five  head  of  cattle  were  alternated  between  the  two  portions 
(designated  upper  and  lower  pasture)  for  a  total  of  685  animal  use  days. 
Nearly  all  the  available  forage  was  consumed  in  the  lower  pasture  and  the 
soil  surface  was  severely  trampled  and  compacted.   During  the  19^5  season 
similar  grazing  use  was  permitted.   In  19^6  100  pounds  of  lespedeza  seed 
were  sown  over  the  pastures.  The  extremely  dry  weather  in  August  of  that 
year  apparently  eliminated  most  of  the  seedlings  established  from  this 
planting.   The  fence  between  watersheds  3  a^^d  7  was  opened  and  the  cattle 
alternated  between  the  upper  pasture  of  watershed  3  and  all  of  No.  'J. 

During  the  19^7  season,  cattle  were  kept  continuously  on  both  the 
upper  and  lower  pastures  for  a  total  of  588  days  of  grazing.   In  February 
the  woody  sprouts  on  the  lower  pasture  were  cut  back.   An  average  of  four 
head  of  cattle  grazed  continuously  on  the  two  pastures  in  19^8  and  were 
given  supplemental  feed  the  last  2  weeks  on  the  area.   Similarly,  in  19^9^ 
four  head  of  cattle  were  rotated  between  the  upper  and  lower  pastures  and 
were  given  supplemental  feed  after  August  1. 

In  1950  the  former  cornfield  was  converted  to  pasture.   The  total 
grazing  use  in  1950  was  88I  animal  days.  The  cattle  were  periodically 
rotated  between  the  upper  and  lower  pastures  and  the  abandoned  cornfield. 
During  the  1951  season  both  pastures  and  the  abandoned  cornfield  were 
grazed  on  a  rotational  grazing  system.  During  August  of  1951  the  shrubs, 
weeds,  and  tree  sprouts  were  cut  back,  stacked  and  burned  in  an  effort  to 
improve  the  pasture  conditions. 

Soil  losses  accumulated  in  the  concrete  debris  basin  were  measured 
for  the  first  time  on  May  28,  19^3*  Measurements  were  made  thereafter  in 
September  19^3,  April  19^6,  April  19^7,  April  19^8,  April  and  July  19^9, 
April  1950,  and  April  1951.   In  both  19^3  and  19^9  numerous  intense  thunder- 
storms occurred,  necessitating  two  soil-loss  measurements. 

The  two  largest  flood  flows  recorded  occurred  in  19^^-3  and  I9U9.  On 
July  30,  1943  a  high  of  398  c.s.m.  was  recorded.  The  maximum  flood  for  the 
17-year  period  occurred  on  July  10,  19^9,  when  a  peak  of  l8ij-9  c.s.m.  was 
recorded.  Figure  10  shows  some  of  the  debris  carried  down  by  the  latter 
storm.  An  estimated  76  tons  of  soil  and  debris  came  off  the  drainage  in 
30  to  kO   minutes  during  this  storm.   Figures  10  and  11  indicate  the  extent 
of  soil  displacement  during  the  19^9  season. 

During  the  summer  of  19^9,  surface  infiltration  studies  were  started 
and  have  been  continued  to  date.  Following  the  harvesting  of  the  19^9  corn 
crop,  two  control  plots  were  established  and  fenced  in  the  cornfield  so  that 
vegetative  cover  changes  could  be  noted. 
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Figure  10. — Rock  deposit  in  ponding  basin,  storm  of  July  10,  19'+9.  Note  inlet  to  stilling  well 

kept  clean  in  order  to  get  record  of  runoff. 
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Figure  11. — Soil  displacement  during  the  19^9  season. 
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CHANGES  IN  SOME  BIOLOGIC  AND  EDAPHIC  CHARACTERISTICS 
OF  THE  WATERSHED  AS  A  RESULT  OF  LAND  USE 

Vegetation  Changes 

To  observe  the  changes  in  the  vegetal  cover  on  the  watershed 
brought  about  by  forest  cutting  and  mountain  fanning,  a  vegetative 
survey  was  made  in  August,  1951*   Due  to  the  heterogeneous  mixing  of 
the  species  through  the  area,  no  attempt  was  made  to  construct  a  type 
map.   In  lieu  of  a  map,  the  vegetation  was  observed  and  identified  and 
its  relative  abundance  was  noted  according  to  the  different  land  use 
elements.  Figure  9  indicates  the  different  land  uses  in  1951 • 

Coppice  forest. --In  figure  9  two  areas  of  coppice  forest  are 
noted.   Coppice  forest  "A"  was  cut  in  1939-19^0  and  sprouts  have  not 
been  cut  back.  Coppice  forest  "B"  was  cut  at  the  same  time  but  sprouts 
were  cut  back  in  19^1.  The  forest  and  herbaceous  cover  of  the  two  areas 
was  so  similar  in  size,  density  and  species  composition  that  they  were 
treated  as  one.   Since  a  large  portion  of  tree  stems  were  of  sprout  ori- 
gin the  area  was  classified  as  coppice  forest. 

Except  along  the  ridges,  the  forest  cover  was  so  dense  that  a 
ground  cover  of  shrubby  and  herbaceous  vegetation  was  almost  excluded. 
Along  the  ridges  and  in  a  few  openings,  greenbrier  and  wild  grape  were 
still  abundant.   On  the  slopes,  however,  these  species  were  much  less 
common,  although  plant  remains  indicated  that  they  had  been  quite  abun- 
dant there  until  a  few  years  before.  The  most  common  tree  species  were 
ye  How -poplar,  dogwood,  sweet  hickory,  chestnut,  red  maple,  northern 
red  oak,  black  locust,  pitch  pine,  persimmon,  sassafras  and  black  oak. 
On  the  ridges  pitch  pine,  white  oak  and  chinquapin  were  more  common  and 
yellow-poplar  less  abundant  than  on  the  lower  slopes. 

Rhododendron  and  mountain  laurel  occurred  rather  commonly  near  the 
ridges  and  to  a  lesser  degree  on  the  slopes.  In  the  adjacent  undisturbed 
forest  areas  a  moderate  understory  of  these  species  occurs.  Rhododendron 
and  laurel  appear  to  be  slow  in  re-establishing  themselves. 

The  dominant  trees  were  approximately  3  to  3.5  inches  in  d.b.h.  and 
12-15  feet  in  height. 

Pastures. --The  vegetation  of  the  upper  and  lower  pastures  and  of  the 
old  cornfield  is  quite  similar.   Species  comprising  the  present  vegetal 
cover  showed  no  apparent  relationship  to  the  vegetative  types  mapped  in 
19^0.  Tree  seedlings  and  sprouts  observed  in  1951  which  were  not  indicated 
in  the  19^0  survey  include  hawthorn,  swamp  willow,  yellow  oak,  blackjack 
oak,  green  ash,  spicebush,  yellow  birch,  black  walnut  and  butternut.  The 
latter  two  species  were  probably  carried  into  the  area  by  squirrels  or 
groundhogs.  All  species  observed  in  19^0,  however,  were  present  on  the 
area  in  1951' 

A  much  more  marked  change  took  place  in  the  shrubby  and  herbaceous 
vegetation.  Of  those  species  observed  in  19^0  only  nine  were  found  in 
1951.   On  the  other  hand,  a  total  of  thirty-three  species  were  identified 
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which  were  not  listed  as  present  in  19^0.   It  is  significant^  too,  that 
many  of  these  invading  species,  such  as  yarrow,  smartweed,  mullein,  Canada 
thistle,  nettle  and  purslane  are  usually  associated  with  land  abuse. 

Abandoned  cornfield. --As  indicated  previously,  the  species  composi- 
tion of  the  abandoned  cornfield  is  virtually  the  same  as  that  of  the  two 
pastures  even  though  it  had  been  only  2  years  since  the  area  was  culti- 
vated.  The  vegetation  density  of  the  abandoned  cornfield  as  well  as  the 
two  pasture  areas  varied  from  practically  zero  on  several  of  the  "scald" 
areas  to  about  3O  to  UO  percent  ground  cover  on  the  best  areas.   The  two 
control  plots  indicated  in  figure  9  were  fenced  off  in  19^9  following  the 
harvest  of  the  last  corn  crop.   Cattle  have  been  excluded  from  these  two 
plots  and  sprouts  have  not  been  cut  back.   The  vegetation  here  is  nearly 
the  same  as  that  of  the  cornfield  in  species  composition.   In  the  lower  plot 
(No.  1)  blackberry  and  wild  strawberry  are  the  two  most  abundant  species. 
The  ground  cover  in  this  plot  is  nearly  complete  but  in  spots  consists  sole- 
ly of  wild  strawberry.   In  the  upper  plot  (No.  2)  the  same  species  are  re- 
presented but  the  ground  cover  varies  from  65  to  80  percent.   It  is  apparent 
that  in  both  plots  tree  species  will  soon  take  over.   Numerous  stems,  parti- 
cularly in  the  lower  plot,  are  over  6  feet  in  height. 

Trout  Habitat 

Several  studies  have  been  made  on  the  Little  Hurricane  watershed  to 
show  how  forest  cutting  and  subsequent  mountain  farming  may  change  a  stream 
as  a  trout  habitat.   Trout  are  known  to  be  able  to  withstand  a  wide  range 
of  acidity,  alkalinity  and  carbon  dioxide  tension.   They  are,  however,  quite 
sensitive  to  changes  in  turbidity,  stream  temperature  eind  siltation. 

Turbidity  tests  comparing  the  water  of  the  Little  Hurricane  Branch 
with  that  of  Bee  Branch  (a  forested  watershed)  were  made  from  19^6  to  1950. 
The  results  of  this  study  indicated  that  turbidity  values  for  the  mountain 
farm  stream  were  nearly  three  times  as  great  as  those  for  the  forest  stream. 

Trout  are  especially  sensitive  to  thermal  fluctuations  in  their  en- 
vironment, particularly  when  these  changes  occur  near  their  upper  limits  of 
tolerance.   During  19^8-19^9^  a  stream  temperature  study  was  conducted  at 
Coweeta,  in  which  the  Little  Hurricane  Branch  was  compared  with  a  stream 
from  a  forested  watershed.   Greene  (l^)  reported  in  1950  that  the  weekly 
maximum  temperatures  of  the  farm  stream  ranged  from  9  to  23  F.  above  those 
of  the  forest  stream,  or  an  average  of  11.5  F.   The  maximum  temperature  for 
the  farm  stream  varied  from  65  to  as  high  as  79,  whereas  the  forest  stream 
never  exceeded  66,  which  is  considered  optimum  temperature  for  brook  trout. 

Similarly,  siltation  has  been  found  to  be  very  detrimental  to  the 
natural  reproduction  of  trout.   The  increase  sediment  load  carried  by  the 
Little  Hurricane  Branch  following  forest  cutting  and  mountain  farming  is 
shown  in  Table  1. 

It  appears  evident  then,  from  the  changes  in  siltation,  turbidity 
and  stream  temperature  on  the  Little  Hurricane  Branch  that  forest  cutting 
and  subsequent  mountain  farming  may  destroy  a  stream  as  a  trout  habitat. 

Edaphic  Changes 

Many  factors,  such  as  climate,  vegetation  density,  type  of  vegeta- 
tion, slope,  geologic  substrata,  land  use  practices  and  the  physical  charac- 
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teristics  of  the  soil  combine  to  determine  the  stream  flow  characteris- 
tics for  a  given  watershed.  The  amount  of  precipitation  that  goes  into 
stream  flow  is  to  a  large  degree  determined  by  the  physical  properties 
of  the  soil.  The  characteristics  of  the  plow  layer  of  the  soil  are 
strongly  influenced  by  the  vegetation  it  supports.  For  this  reason,  any 
practices  which  change  the  nature  of  the  vegetation  may  in  turn  bring 
about  changes  in  the  physical  characteristics  of  the  surface  soil  and 
consequently  in  stream  flow. 

One  of  the  most  obvious  expressions  of  soil  changes  is  in  the  de- 
gree of  soil  erosion  or  in  the  determination  of  soil  losses  from  the 
watershed.  Measurements  of  the  soil  losses  from  the  watershed  have  been 
made  since  the  beginning  of  the  project  and  are  summarized  in  this  sec- 
tion. 

Another  measure  used  to  determine  gross  changes  in  soil  characteris- 
tics, particularly  as  they  affect  water  relations,  is  that  of  changes  in 
their  infiltration  rates.   Exploratory  tests  on  infiltration  were  made 
using  the  cylinder  ring  test  method  in  19^9  and  1950  and  are  summarized  in 
the  following  pages.  During  the  summer  of  1951  a  large-scale  infiltration 
study  of  the  entire  watershed  was  commenced.  The  results  of  this  investi- 
gation, however,  will  not  be  available  for  several  seasons. 

In  order  to  determine  more  detailed  changes  in  the  physical  charac- 
teristics of  the  surface  soil,  soil  core  and  sack  samples  were  collected 
for  analysis.   Cylindrical  cores  3  inches  in  diameter  by  3  inches  long 
and  approximately  1  pint  sack  samples  were  collected  from  the  0-3  and  3-6 
inch  layers  from  six  sites.   Five  samples  were  collected  from  each  of  the 
following  sites  from  both  layers:   undisturbed  forest  (from  control  plots 
in  adjacent  watershed,  same  soil  type),  coppice  forest,  upper  pasture, 
lower  pasture,  abandoned  cornfield,  and  control  plots  within  the  old  corn- 
field.  The  sampling  plots  were  randomly  selected  from  numbered  grid  cross- 
sections  except  from  the  control  plots  in  both  the  undisturbed  forest  and 
the  abandoned  cornfield.   The  latter  were  stratified  at  right  angles  to 
the  contour. 

From  the  sack  samples  mechanical  analyses  and  organic  matter  deter- 
minations were  made.   The  core  samples  were  used  to  measure  permeability, 
capillary,  noncapillary  and  total  porosity,  volume  weight,  and  aggregate 
analyses.   The  results  of  these  various  determinations  are  presented  in 
the  following  pages . 

Soil  losses. --As  indicated  previously,  soil  losses  since  19^1  have 
been  measured  using  the  specially  designed  debris  basin.   Prior  to  the 
installation  of  the  debris  basin,  soil  losses  were  measured  from  deposits 
in  the  silting  basin.   In  making  these  measurements,  the  water  is  allowed 
to  pass  over  the  weir  blade  before  it  is  diverted  into  a  trough  which  by- 
passes the  debris  basins,  thus  providing  a  continuous  record  of  stream 
discharge.   Samples  of  two  hundred  cubic  centimeters  of  sediment  are  taken 
from  each  baffle  within  each  of  the  three  debris  basins  after  the  sediments 
have  dried.   Following  volume  measurements  in  each  baffle,  the  debris  is 
removed.   The  total  soil  losses  are  then  computed  from  the  dry  weight  of 
the  samples  and  from  the  volume  measurements  applying  to  each  division  of 
the  basin. 
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The  total  soil  losses  measured  from  the  inception  of  the  experiment 
on  July  5,  193^  to  the  measurement  made  on  April  11,  1951  are  summarizea 
in  table  1.   It  is  apparent  that  soil  losses  have  increased  tremendously 
following  the  treatment  of  the  watershed.   The  actual  increase  amounts 
to  over  12  times  as  much  soil  loss  per  acre  per  year.  Before  the  installa- 
tion of  the  debris  basin  (watershed  in  forest  cover  until  the  winter  of 
1939-19^0)  the  total  soil  loss  amounted  to  IO8I  pounds  per  acre  or  15^ 
pounds  per  acre  per  year.   A  portion  of  this  amount  can  be  attributed  to 
the  treatment,  since  the  debris  basin  was  not  installed  until  nearly  two 
years  after  the  clear  cutting  of  the  watershed  was  started.   Since  the  in- 
stallation of  the  debris  basin,  an  average  loss  of  over  19OO  pounds  or 
nearly  1  ton  per  acre  per  year  has  been  measured.  The  maximum  loss  was 
measured  in  19^9,  when  precipitation  ranged  well  above  average.  For  the 
93-day  period  from  April  9  to  July  11,  a  total  loss  of  185,875  pounds,  or 
an  average  of  nearly  one  ton  per  day  was  measured  for  the  entire  area. 


Table  1. --Summary  of  soil  losses 


Period 

:  No. 

Treatment 

iTotal  loss. 

Average  loss 

Average  loss 

days 

dry  weight 

per  day 

per  acre  per 
:    year 

Pounds 

Pounds 

Pounds 

7/3/3^+  to  8/27/41 

2557 

Forest  cover 
and  initial 
treatment 

24,637 

9.6 

153.7 

8/28/i^l  to  5/4/43 
5/5/43  to  9/8/43 

644 
126 

Corn,  pasture 
Corn,  pasture 

13,928 

79,058 

Average 

21.6 
627.4 
118.1 

345.7 

10,043.9 

1,890.6 

9/9/43  to  4/16/46  1185  Fallow,  pasture   44,085 


37.2 


595.5 


4/17/46  to  3/28/47  345 

3/29/47  to  4/13/48  381 

4/14/48  to  4/8/49  359 

4/9/49  to  7/11/49  93 


Corn,  pasture 

Corn,  pasture 

Corn,  pasture 

Corn,  pasture 


13,507 

16,186 

32,879 

185,875 

Average 


39.2 

42.5 

91.6 

1,998.6 

210.9 


627.5 

680.0 

1,466.4 

31,995.1 
3,377.7 


7/12/49  to  4/10/50  272  Pasture 
4/11/50  to  4/11/51  365  Pasture 


42,330 

21,361 

Average 


155.6 

85.5 
100.0 


2,491.0 

936.5 
1,600.8 


Total  soil  loss  8/28/41  to  4/11/5I 
Average  loss  8/28/41  to  4/ll/51 


449,209  pounds 
1,933  pounds  per 
acre  per  year 
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As  indicated  previously,  an  estimated  76  tons  of  soil  and  debris 
came  off  the  watershed  in  a  period  of  30  to  ^0  minutes  during  the  storm 
of  July  10,  19^9^  when  a  record  peak  of  l8^9  c.s.m.  was  recorded.  Figure 
10  indicates  the  magnitude  of  soil  losses  resulting  from  this  storm. 

These  data  indicate  that  the  greatest  soil  losses  were  sustained 
while  the  cornfield  was  under  cultivation.  From  September  19^1  to  Septem- 
ber 19^3;  "the  average  soil  loss  amounted  to  nearly  1  ton  per  acre  per  year. 
Following  this  period,  the  cornfield  was  permitted  to  lie  idle  until  the 
19^6  season.  The  pastures,  however,  were  grazed.  A  decrease  to  approxi- 
mately 600  pounds  per  acre  was  noted  for  this  period.   Soil  losses  mounted 
to  over  2-I/2  tons  per  acre  per  year  for  the  period  from  19^6  to  19^9  when 
the  cornfield  was  again  cultivated.  After  the  19^9  season  the  cornfield 
was  converted  to  pasture.   Two  fenced,  ungrazed  enclosures  were  installed 
as  controls  (fig.  9)«   A  decrease  to  1,600  pounds  per  acre  per  year  in  soil 
losses  was  noted  from  August  19^9  to  April  1951* 

If  the  losses  from  the  various  land-use  divisions  of  the  watershed 
could  be  analyzed  separately,  it  would  undoubtedly  be  found  that  by  far  the 
greatest  percentage  of  the  total  loss  was  contributed  by  the  cornfield  and 
the  lower  pasture.   Evidence  indicating  this  is  found  in  the  numerous  scalds 
in  the  cornfield  and  the  lower  pasture  where  topsoil  has  been  completely  re- 
moved and  the  red  subsoil  exposed. 

On  several  occasions  during  the  1951  season,  storms  which  produced 
peak  discharges  of  less  than  5  c.s.m.  were  observed  to  produce  turbid  over- 
land flow  in  the  abandoned  cornfield  and  in  the  lower  pasture.   In  10  years 
of  field  observations  during  and  following  storms,  overland  flow  or  evidence 
of  overland  flow  has  never  been  observed  in  the  coppice  forest  area. 

Infiltration. --A  surface  infiltration  study  made  on  the  watershed  in 
July,  19^9  demonstrated  how  the  small,  heavily  trampled  area  of  the  lower 
pasture  might  be  the  source  of  a  large  proportion  of  the  total  storm  runoff. 

To  measure  the  infiltration  rate,  a  steel  cylinder  10  inches  in  dia- 
meter and  approximately  6  inches  in  height  was  driven  into  the  ground  for  a 
depth  of  several  inches.   Two  area  inches  of  water  were  poured  into  the  cylin- 
der and  the  time  required  for  the  water  to  disappear  from  the  soil  surface 
was  noted.   The  values  thus  derived  were  converted  to  inches  per  hour  infiltra- 
tion.  Infiltration  rates  were  as  follows: 

Land-use  Infiltration  rate  per  hour 

(inches) 

Channel  area  .0 

Lower  pasture  O.56 

Upper  pasture  3.00 

Cornfield  4.00 

Coppice  forest  6.00 

Before  grazing  started  on  the  abandoned  cornfield  in  1950,  a  similar 
infiltration  study  was  made  over  the  entire  area  and  was  repeated  after  each 
period  of  rotational  grazing.  Data  in  the  following  table  show  that  it  does 
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not  require  many  animal  use  days  to  decrease  the  ability  of  the  soil  to 
take  in  water.   Changes  in  infiltration  rate  were  as  follows: 

Infiltration  rate  per  hour 
(inches) 

Before  grazing  3-02 

After  15  animal-use  days  per  acre        1.55 
After  30  animal-use  days  per  acre        0.62 

A  similar  surface  infiltration  study  was  begun  in  1951.   The  entire 
watershed  was  gridded  and  monthly  infiltration  tests  were  made  during  the 
summer  months  on  more  than  one  hundred  plots.   These  observations  are  to 
be  continued  for  several  seasons  and  the  data  are  to  be  used  as  the  basis 
for  a  special  investigation  on  infiltration. 

Mechanical  analysis . --The  objective  of  a  mechanical  analysis  is  to 
determine  the  size  distribution  of  the  individual  particles  within  the  soil. 
These  results  may  be  expressed  by  soil  texture.   Soil  texture,  other  things 
being  equal,  influences  the  amount  of  surface  area  of  the  soil  particles, 
which  in  turn  affects  the  water-holding  capacity  of  a  soil.  Retention  stor- 
age, or  water  held  in  the  capillary  pores  of  mineral  soils  against  the  pull 
of  gravity,  is  greater  in  silts  and  clays  since  the  surface  area  exposed  to 
water  is  many  times  greater  than  in  sands.   On  the  other  hand,  a  high  content 
of  sand  frequently  provides  greater  opportunity  for  the  development  of  large 
non-capillary  pores  and  thus  increases  detention  storage. 

In  preparing  the  samples  for  the  mechanical  analysis,  the  larger 
clods  and  aggregates  were  broken  down  and  the  entire  sample  placed  on  a 
2  mm.  sieve.  The  weight  of  the  material  which  remained  on  the  sieve  after 
^  shaking,  was  noted.   This  material  consisted  largely  of  pebbles,  rock  frag- 
ments, and  concretions.   From  these  weights  and  from  the  total  weight  of  the 
sample,  percentages  were  calculated.   To  determine  the  mechanical  composi- 
tion of  the  portion  of  the  samples  passing  through  the  2  mm.  sieve,  the  Bouy- 
oucas  (8)  hydrometer  method  of  mechanical  analysis  was  employed. 

From  the  results  of  these  analyses  it  appears  that  the  treatment 
applied  to  the  watershed  has  not  effected  any  large  scale  changes  in  the 
mechanical  composition  of  the  less  than  2  mm.  fraction  of  the  soil.   There 
is  little  variation  indicated  in  either  soil  layer  among  the  average  values 
for  each  site.   The  undisturbed  forest  and  the  coppice  forest  show  the  high- 
est content  of  sand,  and  the  coppice  forest  has  the  lowest  values  for  fine 
clay.   The  pastured  areas  are  lowest  in  sand  content  and  highest  in  fine  clay. 
In  view  of  these  results,  the  two  forested  areas  should  show  higher  detention 
storage  and  lower  retention  storage  than  the  pastured  areas.   The  samples  for 
the  cornfield  indicated  intermediate  detention  and  retention  values  between 
the  pasture  and  the  forest. 

If,  however,  the  materials  greater  than  two  millimeters  in  diameter 
have  an  influence  similar  to  sand,  then  the  undisturbed  forest  might  be  in  a 
less  favorable  situation  since  it  contains  much  less  of  this  coarser  fraction 
than  any  of  the  other  plots. 
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Aggregate  analysis . --One  of  the  primary  objectives  of  an  aggregate 
analysis  is  the  determination  of  the  extent  to  which  the  finer  mechanical 
separates  are  aggregated  into  coarser  fractions.  An  aggregate  analysis 
thus  provides  a  measure  of  soil  structure.   Soil-water  relations  and  aera- 
tion conditions  are  both  strongly  influenced  by  soil  structure.   The  total 
percentage  of  aggregates  or  "state  of  aggregation"  as  suggested  by  Baver 
(6),  gives  a  good  indication  of  the  erodibility  of  soils.   If^  for  example, 
the  state  of  aggregation  is  high,  i.e.,  the  soil  contains  a  high  content  '  j 

of  water-stable  aggregates,  susceptibility  to  erosion  is  considerably  lower 
than  in  the  case  of  low  aggregate  stability.   In  the  latter  case  there  is 
little  binding  together  of  the  particles  into  granules,  and,  consequently, 
falling  raindrops  and  surface  flow  tend  to  disperse  the  soil.  Under  such 
conditions  the  soil  takes  up  water  more  slowly  and  is  obviously  highly 
erosive. 

In  making  aggregate  analyses  of  the  samples  used  in  this  study,  Yoder's 
(30)  dunker  or  wet-sieving  method  was  employed.  The  five  oven-dry  core  samples 
from  each  site  and  each  layer  were  mixed  and  two  composite  samples  extracted. 
Aggregate  analyses  were  then  made  on  the  composite  samples. 

The  results  of  this  analysis  indicate  that  the  treatment  of  the  water- 
shed has  effected  a  marked  change  in  the  stability  of  soil  aggregates  and 
consequently,  soil  structure.   In  both  the  surface  and  subsurface  layers, 
but  particularly  in  the  surface,  the  undisturbed  forest  shows  a  considerably 
higher  content  of  water-stable  aggregates  greater  thaji  2  mm.  in  diameter 
than  all  other  sites  except  the  coppice  forest.  Even  here,  in  the  surface 
layer  a  difference  of  over  10  percent  exists.   These  differences  are  parti- 
cularly significant  when  one  considers  that  the  undisturbed  forest  contained 
much  smaller  quantities  of  coarse  material  (sand  and  particles  2  mm.  in  dia- 
meter or  larger)  than  the  other  sites  studied. 

An  analysis  of  the  degree  of  aggregation  in  the  fine  earth  material  in- 
dicated similar  results,  with  the  forested  areas  showing  even  higher  aggrega- 
tion here  than  in  the  case  of  total  water-stable  aggregates. 

From  field  observations  the  greatest  part  of  the  soil  loss  from  the 
watershed  is  obviously  from  the  cornfield  and  the  lower  pasture.   The  changes 
in  aggregation  or  structure  of  the  surface  soil  have  no  doubt  contributed 
materially  to  these  differences  in  soil  losses.   The  marked  changes  in  soil 
structure  as  indicated  by  aggregation  further  contribute  to  the  changes  in 
permeability  and  consequently  to  runoff  characteristics  which  are  noted  later. 

Soil  organic  matter. --The  presence  of  a  high  content  of  organic  matter 
in  a  soil  has  a  marked  influence  on  the  storage  capacity  that  a  soil  has  for 
water.   Detention  storage,  i.e.,  water  detained  temporarily  in  the  large  non- 
capillary  pores,  is  increased  by  the  inclusion  of  organic  matter  because  of 
its  influence  on  soil  structure.   Decaying  roots  and  greater  biological  activi- 
ty also  result  in  the  formation  of  the  large  hydraulic  pathways  which  channel 
water  through  the  soil  profile  and  eventually  to  ground  water. 

Similarly,  retention  storage- -that  water  retained  or  held  in  the  soil 
and  made  available  for  plant  growth- -is  usually  increased  through  the  incor- 
poration of  additional  organic  matter.   Organic  matter  has  a  high  moisture- 
absorptive  capacity.   In  the  colloidal  state  it  takes  up  as  much  as  k-A   times 
its  own  weight  of  water.   When  decomposed  and  mixed  with  the  soil,  it  coats 
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the  soil  particles  with  a  gel-like  porous  and  highly  adsorptive  substance. 
Clinging  to  the  particles,  this  material,  in  effect,  increases  their  sur- 
face areas  and  thus  their  storage  capacity. 

In  this  study,  a  determination  was  made  of  the  organic  matter  con- 
tained in  the  samples  collected  from  the  watershed.   In  making  these  deter- 
minations, the  dry  combustion  method  patterned  after  the  work  of  Schollen- 
berger  (2l)  was  employed,  i.e.,  measuring  the  amount  of  carbon  dioxide 
evolved  in  the  combustion  of  the  soil  and  converting  the  carbon  dioxide 
content  into  percent  organic  matter  using  a  conversion  factor  of  .^Yl*  The 
results  of  this  analysis  are  given  in  table  2. 


Table  2. --Summary  of  physical  characteristics  of  the  soil 


Site 

Volume 

Total 

Capillary 

Non-capillary 

Perme- 

•  Organic 

Sand  and 

Aggregates 

weight 

porosity 

porosity 

porosity 

ability 

matter 
content 

:  coarser 
material 

over  4mm. 

Percent 

Percent 

Percent 

In./Hr. 

Percent 

Percent 

Percent 

0-3  Inch  layer 

Undisturbed  forest 

0.88 

56.8 

36.1 

20.7 

171.1 

7.03 

81.7 

85.5 

Coppice  forest 

.82 

60.5 

36.0 

2lt.5 

163.0 

8.97 

91.4 

73.2 

Upper  pasture 

1.03 

53.9 

39.0 

IU.9 

20.2 

7.62 

99.6 

64.1 

Lower  pasture 

1.11 

52.5 

37.9 

14.6 

6.6 

u.oo 

97.7 

53.9 

Cornfield 

.93 

56.1 

1»0.1 

16.0 

12.1+ 

l+.l+O 

99.1 

59.0 

Control  plots 

(cornfield) 

.98 

53.8 

29.2 

2k.G 

85.0 

7.28 

91.0 

46.2 

3-6  inch  layer 

Undisturbed  forest 

1.05 

5't.9 

32.6 

22.3 

Gk.2 

i*.87 

82.8 

73.8 

Coppice  forest 

.98 

57.1 

37.0 

20.1 

9^.1 

5.51 

97. i* 

63.5 

Upper  pasture 

1.07 

56.2 

37.7 

18.5 

16.9 

l+.Ul 

95.8 

48.6 

Lower  pasture 

1.28 

50.5 

35.1* 

15.1 

2.7 

2.^3 

90. i^ 

56.7 

Cornfield 

1.06 

56.1 

U0.5 

15.6 

8.9 

U.58 

95.6 

62.2 

Control  plots 

(cornfield) 

1.06 

51.0 

37.9 

13.1 

Gh.O 

U.62 

89.9 

40.1 
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In  the  surface  layers,  all  areas  except  the  lower  pasture  and  the 
cornfield  show  values  greater  than  7  percent  organic  matter.   This  is 
probably  the  result  of  contributions  to  the  litter  by  the  slash  accumula- 
tion and  the  heavy  herbaceous  cover  following  clear  cutting.   Similarly, 
the  upper  pasture  and  the  control  plots  in  the  abandoned  cornfield  show 
a  higher  content  of  organic  matter  than  the  undisturbed  forest.   In  the 
case  of  the  upper  pasture,  this  is  possibly  due  to  minimum  usage  by  cattle, 
heavy  herbaceous  and  shrubby  ground  cover,  and  to  the  fact  that  the  veget- 
ation is  cut  back  or  sprouted  periodically,  thus  increasing  the  amount  of 
litter  accumulated  on  the  soil  surface.   The  high  average  value  for  the 
control  plots  in  the  cornfield  is  apparently  the  result  of  two  seasons 
abandonment,  permitting  the  development  of  a  good  ground  cover  and  conse- 
quent litter  accumulation.  For  the  surface  layer,  this  value  is  consider- 
ably higher  in  comparison  with  the  cornfield,  which  has  been  grazed  since 
abandonment.   In  the  subsurface  layer  it  is  noted  that  the  values  for  the 
two  areas  are  approximately  equal. 

In  comparison,  the  lower  pasture  and  the  cornfield  show  values  con- 
siderably lower  than  the  undisturbed  forest  and  less  than  half  the  content 
of  the  coppice  forest.   The  results  of  row  cropping  and  overgrazing  are 
thus  apparent  in  the  differences  in  soil  organic  matter. 

In  the  subsurface  layer,  J,-6   inches,  all  values  are  lower  by  I-I/2 
to  over  3  percent  than  in  the  surface  layer,  except  in  the  cornfield,  where 
the  similarity  of  organic  content  in  the  two  layers  is  the  result  of  their 
mixing  by  the  recent  plowing  and  cultivation.   The  subsurface  layer  of  all 
plots,  except  the  lower  pasture  have  similar  organic  contents.   The  organic 
content  of  the  subsurface  layer  of  the  lower  pasture  is  only  about  one- 
half  as  great  as  in  the  other  plots.   This  difference  together  with  the 
lower  content  of  organic  matter  in  the  surface  layer  of  this  area  as  compared 
to  the  upper  pasture  indicates  differences  in  the  soils  of  these  areas  that  are 
not  entirely  due  to  current  management  differences. 

Porosity. --Soil  porosity  is  undoubtedly  one  of  the  most  significant  of 
all  physical  soil  properties  in  hydrologic  studies.   From  a  hydrologic  stand- 
point, the  primary  function  of  a  soil  is  that  of  a  storage  reservoir.   This 
storage  reservoir  acts  in  the  same  fashion  as  a  large  dam  project.   In  the 
case  of  floods  on  dam-protected  streams,  the  flood  waters  accumulate  first 
in  the  reservoir.  After  satisfying  the  initial  storage  in  the  reservoir,  the 
water  continues  to  accumulate  in  the  overflow  reservoir  storage  and  is  de- 
tained temporarily  until  it  can  be  safely  released  to  the  stream  below.   Fol- 
lowing the  storm  period  the  temporary  storage  is  released  as  rapidly  as  pos- 
sible until  normal  storage  capacity  is  reached.  The  water  left  in  the  reser- 
voir is  retained  and  released  slowly  for  use  as  irrigation  water,  for  power 
generation,  municipal  supply  and  other  uses. 

A  good  soil  reservoir  should  act  in  the  same  manner.  The  storage  cap- 
acity of  a  soil  or  its  pore  volume  is  divided  into  two  classes,  capillary  and 
noncapillary.   The  noncapillary  pores  consist  of  those  spaces  between  the 
soil  particles  or  soil  aggregates  that  are  so  large  that  absorption  and  film 
forces  cannot  retain  all  the  water  in  them  against  the  pull  of  gravity.   Thus, 
water  is  held  in  them  only  temporarily,  similar  to  the  overflow  reservoir. 
Such  storage  is  termed  detention  storage  by  the  hydrologist. 
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The  small  capillary  pores  in  the  soil  provide  the  hydrologist 's 
retention  storage.   Water  in  the  capillary  or  retention  storage  reservoir 
is  held  against  the  force  of  gravity  hut  is  subject  to  the  pull  of  evapora- 
tion near  the  surface  of  the  soil  and  to  transpiration  at  any  depth  where 
living  roots  occur.   Part  of  the  water  thus  retained  in  the  soil  is  util- 
ized by  plant  growth  or  is  dissipated  from  an  area  by  evaporation.   This 
retention  storage  reservoir  in  the  soil  acts  as  the  normal  reservoir  of 
a  river  system. 

To  determine  the  porosity  values  for  the  samples  used  herein,  the 
3x3  inch  soil  cores  were  saturated,  weighed  and  placed  on  a  tension  table 
for  approximately  2k   hours  at  a  tension  of  hO   centimeters.   The  weights  were 
recorded  and  these  values  were  used  in  determining  noncapillary  or  deten- 
tion storage.   After  weighing,  the  samples  were  oven-dried  at  IO5  C,  and  re- 
weighed  to  determine  capillary  or  retention  storage  as  well  as  volume  weight. 
The  average  values  obtained  for  noncapillary,  capillary  and  total  pore  space 
are  presented  in  table  2. 

Volume  weight. --Volume  weight  may  be  defined  as  the  ratio  between  the 
dry  weight  of  a  given  mass  of  undisturbed  soil  and  its  volume.   The  usual 
method  of  determining  volume  weight,  or,  as  it  is  frequently  termed,  the 
apparent  specific  gravity  or  bulk  density,  is  to  divide  the  oven-dry  weight 
of  the  undisturbed  soil  in  grams  by  the  volume  of  space  which  this  soil 
occupies  in  cubic  centimeters. 

The  volume  weight  of  a  soil  is  dependent  for  the  most  part  on  struc- 
ture and  organic  matter  content.   Ordinarily,  very  compact  soils  with  low 
pore  volume  and  low  aggregation  possess  high  volume  weights.   On  the  other 
hand,  porous,  well  aggregated  soils  show  low  volume  weights.   Similarly, 
soils  with  a  high  content  of  organic  matter  have  a  lower  specific  gravity 
as  well  as  a  lower  volume  weight  than  those  with  a  low  content  of  organic 
matter.   Forest  soils,  because  they  usually  have  a  higher  content  of  organic 
matter,  show  lower  volume  weights  in  their  surface  layers  than  grazed  or  culti- 
vated soils. 

In  determining  the  volume  weights,  the  oven-dry  weight  of  the  soil  core 
in  grams  was  divided  by  the  volume  of  the  core  in  cubic  centimeters.   Where 
soil  cores  were  not  full,  volume  corrections  were  made  by  filling  the  depres- 
sions with  sand  and  then  measuring  the  volume  of  sand  utilized.   Table  2  shows 
the  average  values  for  the  six  sites  for  both  the  surface  and  subsurface 
layers . 

The  average  results  given  in  table  2  indicate  that  in  the  surface  layer 
both  the  undisturbed  forest  and  the  coppice  forest  areas  have  more  favorable 
soil-water  relations  than  the  other  areas.   The  highest  values  in  both  the 
surface  and  subsurface  layers  were  found  in  the  lower  pasture.   In  the  sub- 
surface layer,  although  the  two  forest  areas  show  slightly  lower  values,  the 
variations  are  small  except  for  the  lower  pasture.   As  might  be  expected,  all 
values  for  the  subsurface  layer  are  somewhat  higher  than  in  the  surface  layer 
of  the  same  area.   The  results  tend  to  indicate  a  poorer  physical  condition 
of  the  surface  layers  in  the  lower  pasture,  which  would  substantiate  field 
observations  on  surface  runoff  conditions. 

Permeability. --The  permeability  of  a  soil  is  ordinarily  considered  to 
be  the  rate  at  which  water  moves  through  the  soil  column.   It  differs  from 
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infiltration  in  that  the  latter  is  concerned  only  with  the  rate  at  which 
water  enters  the  soil.   It  is  evident  then  that  infiltration  and  perme- 
ability together  provide  important  measures  of  physical  soil  characteris- 
tics from  the  standpoint  of  surface  runoff  phenomena.  A  soil  may  have  a 
high  infiltration  rate  and  a  low  permeability  rate  or  the  permeability 
rate  may  be  high  and  a  "surface  bottleneck"  may  be  present,  giving  a  low 
infiltration  rate.   In  either  case,  or  if  both  values  are  low,  compara- 
tively little  water  can  be  stored  and  transmitted  through  the  soil,  and 
high  surface  runoff  results. 

Since  soil  moisture  deficits  must  be  satisfied  before  water  starts 
permeating  or  percolating  through  the  soil  column,  permeability  determina- 
tions were  made  on  saturated  soil  cores.  As  nearly  as  possible  a  l/2-inch 
head  of  water  was  maintained  on  the  soil  core  for  a  period  of  1  hour.   The 
permeability  rate  was  determined  by  measuring  the  amount  of  water  which 
percolated  through  the  soil  core  in  that  time.   In  extremely  permeable 
cores  1/2  hour  was  used  and  the  resulting  values  doubled.   The  results  of 
these  determinations  are  shown  in  table  2. 

Permeability  tests  show  much  greater  differences  in  the  different 
land  use  areas  than  the  other  physical  soil  analyses.  Both  forested  areas 
show  very  high  permeability  rates  in  both  the  surface  and  subsurface 
layers.   The  upper  pasture,  cornfield  and,  particularly,  the  lower  pasture 
show  very  low  rates  in  comparison.   The  rates  indicated  for  the  control 
plots  approach  those  of  the  forested  areas,  which  apparently  reflect  the 
effects  of  2  years  of  abandonment.  By  far  the  lowest  rates  in  both  layers 
are  those  for  the  lower  pasture,  undoubtedly  the  result  of  overgrazing 
with  its  consequent  compaction. 

According  to  Baver  (6),  Lassen,  Lull  and  Frank  (18),  and  Fletcher 
(11) ,  permeability  or  percolation  is  dependent  upon  the  noncapillary  pore 
volume.   As  indicated  previously,  noncapillary  porosity  decreased  as  a 
result  of  the  treatment  to  the  watershed  although  the  decrease  was  only 
in  the  magnitude  of  approximately  6  percent.  Assuming  that  noncapillary 
pore  space  determined  permeability,  from  these  data  it  appears  that  rela- 
tively small  changes  in  this  pore  volume  may  effect  very  marked  changes 
in  the  permeability  rate. 

The  values  noted  for  the  infiltration  rate  indicate  a  trend  similar 
to  that  for  the  permeability  rate.   The  changes  indicated  for  both  the  in- 
filtration rate  and  the  permeability  rate  indicate  a  close  relationship 
with  the  changes  in  surface  runoff  noted  in  the  sections  which  follow.  How- 
ever, the  fact  that  infiltration  rates  were  much  lower  than  permeability 
rates  shows  that  the  immediate  surface  of  the  soil  is  the  limiting  factor 
in  moisture  detention  and  is  causing  increased  surface  runoff  on  the  Little 
Hurricane  Watershed. 

HYDROLOGIC  DATA 

The  basic  data  in  nearly  all  hydrologic  investigations  are  measures 
of  precipitation,  or  recharge,  and  stream  flow,  or  discharge.   The  volume 
and  rate  of  discharge  from  a  given  watershed  or  hydrologic  unit  is  a  reflec- 
tion of  the  amount  and  intensity  of  precipitation  which  it  receives  and  the 
characteristics  of  the  watershed.  The  manner  in  which  these  factors  are 
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measured  on  the  Little  Hurricane  Watershed  and  the  methods  employed  in 
converting  the  raw  data  into  usable  form  have  been  noted  previously. 

Precipitation 

The  total  weighted  precipitation  received  by  the  watershed,  as 
measured  by  three  standard  rain  gages  servicing  the  area,  is  summarized 
by  hydrologic  years  in  the  following  tabulation.   The  hydrologic  year 
runs  from  November  to  October.   Data  for  193^  and  I9SI  are  incomplete. 

Hydrologic  year  Precipitation 

(Inches ) 

1935  6l.9i+ 

1936  Qh.Qh 

1937  72.85 

1938  63.72 

1939  7^.76 
19^0  56.79 

19^+1  50.33 

19^2  67.81 

19^3  77.70 

19^4  66.61+ 

19^+5  65.21 

19^6  79.13 

19^7  69.00 

19^8  71.08 

19^9  107.18 

195c  76.22 

Average  71.5^ 

Figure  12  indicates  the  average  monthly  precipitation  as  well  as 
the  area  inches  of  stream  discharge  by  months  and  by  hydrologic  seasons. 
Precipitation,  vegetation,  and  soil  conditions  are  all  reflected  in  the 
discharge  curve.   From  January  through  March  precipitation  is  at  its 
maximum.   Evaporation  and  transpiration  are  at  a  minimum  and  soil  moisture 
conditions  are  at  their  peak.   Much  of  the  precipitation  which  occurs  during 
these  months  filters  rather  rapidly  through  the  soil  reservoir  into  ground 
water,  since  soil  moisture  deficits  are  very  low.   Consequently,  stream 
discharge  is  at  its  highest  level.   A  large  portion  of  the  water  appears  as 
clean,  non-turbid  water  from  subsurface  and  ground-water  flow.   The  majority 
of  the  storms  during  this  season  produce  low-intensity  precipitation  and  some 
snow,  which  ordinarily  does  not  accumulate  to  great  depths  to  form  flood 
hazard  conditions. 

Throughout  April  and  continuing  into  May,  precipitation  steadily  de- 
clines.  At  the  same  time  vegetation  commences  growing,  temperatures  increase 
and  consequent  losses  to  evaporation  and  transpiration  also  increase.   Start- 
ing in  May  and  continuing  throughout  June  and  part  of  July,  precipitation 
increases  rather  sharply.   Likewise,  evaporation  and  transpiration  are  in- 
creasing and  the  discharge  curve  indicates  only  a  slight  rise  as  a  result  of 
the  Increased  precipitation.   Starting  in  July  and  continuing  through  October, 
precipitation  steadily  declines  as  evaporation  and  transpiration  continue  to 
make  heavy  demands.   This  is  indicated  in  the  discharge  curve,  in  that  stream 
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discharge  is  at  its  lowest  ebb  during  September. 

October  marks  the  end  of  the  growing  season  and  with  it  comes  a 
sudden  decrease  in  both  evaporation  and  transpiration.  At  the  same  time 
the  precipitation  curve  swings  sharply  upward.   Stream  discharge  shows  a 
gradual  climb  until  the  soil  moisture  deficits  resulting  from  the  heavy 
use  by  vegetation  and  evaporation  are  satisfied.   The  cycle  is  completed 
in  the  winter  months  when  soil  moisture  deficits  are  met  and  ground  water 
recharge  again  occurs. 

In  studies  of  individual  storms  and  their  effects  on  stream  dis- 
charge, a  measure  of  precipitation  intensities  as  well  as  a  measure  of 
total  amounts  are  required.   Recording  rain  gages  67  and  1  were  used  to 
obtain  precipitation  intensities.   The  precipitation  intensity  values  as 
well  as  the  mass  or  accumulated  precipitation  values  are  taken  from  the 
precipitation  intensity  records  and  are  shown  graphically  along  with  stream 
discharge  for  representative  storms  used  in  this  study  in  figures  I3  and  lU. 

An  examination  of  individual  storms  shows  that  prior  to  treatment 
bursts  of  precipitation  usually  resulted  only  in  a  continued  steady  in- 
crease in  stream  flow.  Following  the  clear  cutting  of  the  forest  and  the 
initiation  of  mountain  farming,  relatively  small  bursts  of  precipitation 
resulted  in  immediate  and  sharp  increases  in  stream  flow.  The  treatment 
of  the  watershed  has  thus  resulted  in  producing  stream  flow  of  extremely 
"flashy"  characteristics. 

Stream  Flow 

Gage  height  readings  recorded  for  the  weirs  used  in  measuring  dis- 
charge from  the  watershed  are  converted  to  cubic  feet  per  second  from  rating 
tables  calculated  for  the  respective  stream  controls.   Since  precipitation 
is  expressed  in  inches  and  in  inches  per  hour,  the  cubic  feet  per  second 
values  were  converted  to  inches  per  hour  to  aid  in  graphic  presentation  and 
analysis.   The  discharge  values  in  inches  per  hour  were  plotted  over  time  to 
give  the  storm  hydrographs  for  individual  storms.  Hydrographs  for  representa- 
tive storms  used  herein  are  given  in  figures  I3  and  l4. 

Definition  of  Storms 

Frequently,  precipitation  is  received  in  such  small  amounts  and  at 
such  low  intensities  that  it  produces  no  perceptible  change  in  the  stream 
hydrograph.  All  or  the  greater  part  of  it  may  be  intercepted  by  vegetation. 
Sufficient  precipitation  must  occur  to  satisfy  initial  depression  storage 
(water  required  to  fill  the  small  depressions  on  the  soil  surface)  as  well 
as  vegetation  interception  before  it  can  run  off  or  otherwise  enter  the 
stream.  Many  small  rises  in  stream  hydrographs  following  a  brief  low-inten- 
sity period  of  precipitation  are  caused  by  precipitation  falling  in  the  chan- 
nel or  stream  itself  rather  than  by  surface  runoff  or  some  form  of  subsurface 
flow.   Unless  an  investigation  is  concerned  with  total  water  yields,  the  in- 
clusion of  all  periods  of  precipitation  is  impractical.   Consequently,  for  in- 
dividual storm  studies,  there  must  be  some  dividing  line  or  definition  of  what 
constitutes  a  storm. 

After  examining  all  the  precipitation  and  stream-flow  data,  the  arbi- 
trary standard  of  a  maximum  30-minute  intensity  of  at  least  O.9O  inch  per  hour 
was  selected.  An  exception  was  made  in  one  case  in  which  the  maximum  30-niin- 
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ute  precipitation  intensity  was  less  than  O.9O  inch  per  hour  where  the 
peak  stream  discharge  greatly  exceeded  "normal"  for  the  amount  and  in- 
tensity of  the  precipitation  received. 

Classification  of  Storms 

Streams,  particularly  from  small  watersheds,  respond  quite  differ- 
ently to  different  storms.  Consequently,  based  upon  the  patterns  of  pre- 
cipitation and  the  stream  hydrographs  resulting  therefrom,  all  storms 
were  classified  naturally  into  three  categories:   summer,  winter,  and 
intermediate.   Summer  storms  are  characterized  by  short  but  intense  periods 
of  rainfall.  They  are  usually  occasioned  by  frontal  activity  or  convection 
storms.  Summer  storms  are  further  subdivided  into  unit  or  single  storms 
and  multiple  storms.   The  unit  summer  storm  yields  nearly  all  of  its  pre- 
cipitation in  bursts  which  are  bunched  closely  together,  and  produces  a 
single  peak  on  the  hydrograph.   The  multiple  summer  storm  produces  intense 
precipitation  bursts  which  are  separated  by  a  period  of  time  not  exceeding 
6  hours,  in  which  precipitation  may  stop  entirely  or  be  of  low  intensities. 
A  hydrograph  of  two  or  more  peaks  results.  Graphs  A  and  B  in  figure  13 
show  the  precipitation  patterns  and  the  resultant  hydrographs  of  the  unit 
and  multiple  summer  storms  respectively. 

The  intermediate  storm  is  characterized  by  precipitation  which  comes 
alternately  in  short  intense  bursts  followed  by  periods  of  precipitation  of 
more  moderate  intensities.   It  usually  yields  a  greater  amount  of  precipi- 
tation than  most  summer  storms  and  is  usually  associated  with  the  spring 
and  fall  seasons.   The  tropical  hurricanes  which  reach  this  area  fall  into 
this  classification.   The  hydrographs  produced  by  such  storms  are  marked  by 
a  series  of  peaks  and  troughs.  Graph  C  in  figure  I3  illustrates  a  typical 
intermediate  type  storm. 

The  winter  storm  gives  a  relatively  large  volume  of  precipitation 
which  usually  does  not  come  at  the  higher  intensities  associated  with  sum- 
mer storms.  However,  the  winter  storm  is  usually  of  much  longer  duration 
as  it  is  most  frequently  the  result  of  cold  front  activity.  Graph  D  in 
figure  13  illustrates  the  precipitation  pattern  and  the  hydrograph  of  a 
characteristic  winter  storm. 

Distribution  of  Storms 

An  analysis  of  a  listing  of  storms  producing  peak  flows  exceeding 
9  cubic  feet  per  second  per  square  mile  made  by  Johnson5/  and  continued 
through  August,  I95I  by  the  writer,  indicates  that  from  the  standpoint  of 
the  distribution  of  flood-producing  storms,  the  summer  storm  is  the  most 
significant  (fig.  I5).   Similarly,  12  of  the  recorded  ih   flood  peaks  which 
exceeded  100  c.s.m.  resulted  from  summer  storms. 


^     Johnson,  E.  A.   Summary  of  Flood  Peaks  over  9  c.s.m..  Watershed 
No.  3,  19^9  (unpublished  compilation,  Coweeta  Hydrologic  Laboratory). 
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Figure  13, --Precipitation  rate,  masB  precipitation  and  stream  hydrograph  for  different  types  of  storms  on  tfie  sfcudy  watershed. 
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Figure  15. — Distribution  chart,  Little  Hurricane  Watershed,  shows  that  over  39  percent  of 
flood-producing  storms  occur  in  June,  July,  and  August. 


CHMGES  IN  RUNOFF  CHARACTERISTICS 


Probably  the  most  Important  single  tool  of  the  hydrologist  or  water- 
shed manager  is  a  knowledge  of  the  stream  flow  and  runoff  characteristics 
for  a  given  drainage  area.  A  knowledge  of  these  characteristics  guides 
the  engineer  or  land  manager  in  planning  flood  control  measures  or  permits 
municipalities  to  select  and  manage  watershed  lands  as  well  as  to  regulate 
consumption.   Considerable  attention  has  been  given  to  the  study  of  stream- 
flow  characteristics  on  large  basins,  particularly  within  the  past  10  years, 
by  the  United  States  Department  of  Agriculture  and  the  United  States  Corps 
of  Engineers.   Numerous  investigations  have  been  made  to  determine  primarily 
gross  runoff  characteristics  from  small  watersheds  and  plots. 

It  is  the  intent  of  this  study  to  determine  not  only  the  percent  of 
total  runoff,  but  to  evaluate  any  changes  in  surface  or  storm  runoff  in 
terms  of  flood  peaks,  the  frequency  of  floods  and  the  manner  in  which  storm 
water  actually  runs  off  a  small  watershed.  No  attempt  has  been  made,  however, 
to  study  any  changes  in  base  or  subsurface  flow  or  total  water  yields. 

Runoff  Percent 


One  frequently  used  method  of  expressing  surface  runoff  is  runoff 
percent  or  the  calculation  of  the  percentage  of  total  precipitation  which 
comes  off  the  drainage  area  in  the  form  of  overland  flow.  To  evaluate  the 
gross  changes  in  surface  runoff,  an  analysis  of  the  runoff  percent  for  the 
watershed  in  forest  cover  and  following  treatment  was  made. 

The  total  storm  runoff  for  all  storms  from  the  watershed  while  in 
forest  cover  (193^-1939)  averaged  2,66  percent  of  the  precipitation.  Fol- 
lowing forest  cutting  ajad  mountain  farming,  this  value  increased  to  i|.50 
percent.  For  summer  storms  only,  the  difference  is  more  marked.  Under 
forest  conditions,  a  runoff  percent  of  1.53  '^^^   noted,  compared  with  4.79 
percent  following  the  treatment.  This  represents  an  increase  of  3*26. 

-  39  - 


percent^  which  at  first  may  appear  rather  insignificant;  however,  in  terms 
of  volume  for  a  2-inch  storm  as  defined  herein,  this  amounts  to  over  5,500 
cubic  feet.  The  following  tabulation  shows  the  increased  storm  runoff  re- 
sulting from  summer  storms  of  l/2  to  5  inches  precipitation. 

Storm  precipitation       Increased  volume  of  surface  runoff 
(inches)  (Cubic  feet)         ~ 

0.5  1398 

1  2756 

2  5512 

3  8268 
k  1102i| 

5  13780 

Changes  in  Flood  Peaks 

Flood  peak  magnitudes  and  frequencies  are  both  valuable  tools  used 
to  express  and  evaluate  the  effects  of  various  land  use  practices.   These 
factors  are  both  used  frequently  to  aid  in  the  determination  of  the  economic 
design  of  engineering  structures  and  in  flood  control  programs. 

Flood  peak  magnitudes. --One  of  the  most  pronounced  changes  in  surface 
runoff  occurring  as  a  result  of  forest  cutting  and  subsequent  mountain  farm- 
ing is  the  increase  in  the  magnitude  of  flood  peaks.   To  obtain  a  measure  of 
this  change,  a  flood  peak  magnitude  study  was  made.   Similar  studies  were  made 
on  this  watershed  in  19^9  and  1950.^  After  an  examination  of  the  previous 
analyses,  however,  it  was  believed  that  the  results  therefrom  were  not  en- 
tirely satisfactory. 

The  first  step  in  such  a  study  is  the  collection  and  cataloging  of 
storms  on  some  rational  bases.   In  the  earlier  studies  a  specified  minimum 
peak  was  used  as  a  basis  for  storm  comparison.   The  writer  believed  that  a 
more  satisfactory  bases  for  comparison  was  the  storms  themselves,  i.e., 
a  certain  amount  and  intensity  of  precipitation.   Consequently,  for  this  study, 
storms  with  a  maximum  30-minute  rainfall  intensity  of  over  O.9O  inch  per  hour 
were  arbitrarily  selected. 

An  orientation  analysis  was  made  in  which  the  peak  discharges  in  cubic 
feet  per  second  per  square  mile  were  plotted  against  the  maximum  30-niinute 
precipitation  intensities  by  periods.   Three  periods  were  selected:   193^-1939^ 
191^0-1945,  and  191^6-1951.   The  193^-1939  period  represents  the  pretreatment 
period  in  which  the  watershed  was  in  forest  cover;  19^0-19^5^  the  intermediate 
period,  in  which  the  mountain  farming  treatment  was  applied  and  in  which  the     ■  ^ 
soil  gradually  lost  its  original  structure,  organic  content,  and  fertility;  and 
19^6-1951^  the  after  period,  in  which  the  maximum  effects  of  land  use  were  in 
evidence. 

From  these  graphs  it  was  apparent,  particularly  in  the  pretreatment 
period,  that  intermediate  and  winter  storms  gave  considerable  spread  to  the 
points.  A  further  examination  of  the  storm  data  indicated  that  multiple 


6/  Unpublished  reports,  Coweeta  Hydrologic  Laboratory. 
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summer  storms  too  were  responsible  for  consideratile  dispersion  of  the  points. 
An  attempt  was  made  to  evaluate  further  the  data  on  the  basis  of  antecedent 
moisture  conditions.  Due  to  time  limitations,  additional  analyses  of  ante- 
cedent moisture  conditions  have  not  been  made. 

Using  only  the  selected  storms,  i.e.,  single  or  uniform  summer  storms, 
a  new  listing  of  storm  peaks  and  corresponding  precipitation  intensities  was 
made  by  periods  and  for  maximum  precipitation  intensities  of  15,  20,  30?  and 
60-minute  intervals.   For  ease  in  handling,  the  data  were  grouped  into  25 
c.s.m.  groups  or  classes  (0-25,  26-50,  etc.)  and  averages  computed.   The  aver- 
age c.s.m. 's  for  the  group  or  class  were  then  plotted  against  the  class  aver- 
age precipitation  intensities  for  each  of  the  four  precipitation  intensity  in- 
tervals for  each  of  the  three  periods. 

Least  square  linear  regressions  were  calculated  for  all  plottings  and 
straight  line  curves  fitted  to  the  data. 

The  standard  error  of  the  estimate  for  the  regressions  was  calculated 
for  all  four  rainfall  intensity  intervals  in  the  19^6-1951  period,  and  the  15- 
minute  interval  gave  the  lowest  error.   The  time  of  concentration  for  the  water- 
shed following  treatment  was  approximately  15  minutes;  consequently,  this  inter- 
val was  selected  as  best  for  purposes  of  comparison. 

To  show  that  the  changes  were  not  the  result  of  changes  in  storm  charac- 
teristics and  precipitation  patterns,  the  corresponding  storm  peaks  from  a  con- 
trol watershed  were  plotted  against  the  rainfall  intensities  applied  to  water- 
shed No.  3  for  the  15-minute  precipitation  interval  for  the  three  periods.  The 
resulting  curves  showing  the  relation  between  maximum  discharge  rate  and  preci- 
pitation intensity  for  both  watersheds  for  the  three  periods  are  given  in  figure 
16. 

It  is  obvious  from  the  curves  for  the  treated  watershed,  that  a  marked 
increase  in  the  magnitude  of  flood  peaks  has  been  effected.   Similarly,  the 
curves  for  the  control  watershed  indicate  that  there  has  been  no  decided  change 
in  climatic  conditions  which  might  affect  this  increase.   Consequently,  the 
changes  in  flood  peaks  are  attributed  to  forest  cutting  and  subsequent  land  use. 

The  increase  in  flood  peaks  brought  about  by  the  treatment  of  the  water- 
shed for  the  maximum  15-minute  period  of  precipitation  at  2,  3,  ^)   and  5  inches 
per  hour  are  summarized  in  Table  3  tiy  actual  flood  peaks  in  c.s.m.  as  well  as 
in  percentage  increases. 

An  additional  study  was  made  to  show  the  changes  in  the  magnitudes  of 
flood  peaks,  using  all  stonns  with  maximum  30-minute  precipitation  intensities 
exceeding  O.9O  inch  per  hour.   In  this  study  the  maximum  flood  peaks  in  cubic 
feet  per  second  per  square  mile  from  watershed  No.  3  were  plotted  against  the 
maximum  peaks  recorded  for  the  control  watershed  (No.  2)  for  the  same  storms 
for  the  I93U-I939  and  19^0-1951  periods.   Least  square  linear  regressions  were 
calculated  and  straight  line  curves  fitted  to  the  data.  The  results  of  this 
analysis  are  presented  in  figure  17 • 

The  increased  magnitude  of  flood  peaks  is  even  more  marked  than  in  the 
case  when  only  unit  summer  storms  were  used.  Prior  to  the  treatment  of  water- 
shed No.  3,  a  storm  producing  a  flood  peak  of  3O  c.s.m.  on  watershed  No.  2 
showed  a  peak  of  kl   c.s.m.  on  watershed  No.  3.   Similarly,  a  storm  producing 
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Figure  16, 


Precipitation,    in  inches  per  hour  for  I5  minutes 

--The  effect  of  forest  cutting  and  subsequent  mountain  farming  on  majcimiim  discharge 
rate,  as  related  to  precipitation  intensity.  Based  on  selected  uniform  summer 
storms  having  a  maximum  30-i'iiiiute  precipitation  intensity  over  O.9O  inches  per  hour. 


a  peak  of  70  c.s.m.  on  watershed  No.  2  produced  a  peak  of  about  85  c.s.m. 
for  watershed  No.  3.  Following  forest  cutting  and  mountain  farming,  the 
peaks  for  watershed  No.  3  corresponding  to  ^+-1  and  85  c.s.m.  values  for  the 
193^-1939  period  had  increased  to  over  36O  and  67O  c.s.m.  respectively. 

In  examining  the  individual  storms  and  the  resultant  flood  peaks, 
the  highest  flood  peak  recorded  for  the  period  that  the  watershed  was  in 
forest  cover  was  IO9  c.s.m.  In  the  11-year  period  following  forest  cut- 
ting and  mountain  farming  12  floods  occurred  which  exceeded  this  former 
maximiom  peak.  The  highest  peak  recorded  was  that  of  July  10,  19^9^  which 
exceeded  l8if9  cubic  feet  per  second  per  square  mile.  The  two  highest  5- 
minute  precipitation  intensities  recorded  during  the  17  years  of  record, 
however,  both  occurred  prior  to  19^0  while  the  watershed  was  forest  covered. 
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Table  3- — Changes  In  flood  peaks  follovlng  forest  cutting  and  mountain  farming 


Precipitation 
for  15  minutes 

Peak  for 
1934-1939 

Peak  for 
1940-1945 

Increase  over 
1934-1939 

Peak  for 

1946-1951 

Increase  over 
1934-1939 

Inches  per  hour 

2 

3 
k 

5 

C.s.m. 

11 
27 
^3 
59 

C.s.m. 

42 
70 

97 
126 

Percent 

382 
260 
226 
213 

C.s.m. 

27 

84 
141 
197 

Percent 

245 

311 
328 
334 

From  these  analyses  It  Is  apparent  that  the  treatment  of  the  Little 
Hurricane  watershed  has  effected  striking  Increases  In  the  magnitude  of  flood 
peaks. 

Flood  peak  frequencies. — Even  a  cursory  examination  of  the  data  reveals 
a  marked  change  In  the  frequency  of  floods  following  forest  cutting  and  treat- 
ment of  the  watershed.   To  get  a  quantitative  measure  of  this  change,  a  flood 
peak  frequency  study  was  made.  The  same  standard  used  In  the  flood  peak  magni- 
tude study.  I.e.,  floods  resulting  from  storms  having  a  maximum  30-minute  pre- 
cipitation intensity  of  over  O.9O  inch  per  hour,  was  used  as  the  basis  for  this 
study,  except  that  all  storms,  winter,  intermediate  and  multiple  as  well  as 
summer,  were  included. 

The  flood  peaks  for  the  watershed  for  the  period  in  which  the  watershed 
was  in  forest  cover,  1934-1939^  a-nd  the  treatment  period,  1940-1951>  were  clas- 
sified separately  into  10  c.s.m.  groups  and  arranged  in  order  of  magnitude. 
Mass  totals  were  then  calculated  in  order  of  descending  magnitude.  From  these 
values  occurrence  percentages  were  computed.   The  mid-points  of  the  c.s.m. 
classes  were  then  plotted  against  their  corresponding  percentages  on  a  loga- 
rithmic scale  and  smooth  curves  fitted  to  the  data  to  give  the  frequency  curves 
In  figure  18.  A  logarithmic  scale  was  selected  for  the  ordinate  in  order  to 
emphasize  the  maximum  flood  peaks,  since  these  are  the  values  which  are  of 
greatest  importance  in  watershed  management  and  flood  control  work  as  well  as 
in  engineering  structures  for  water  and  erosion  control. 

To  show  that  the  changes  are  a  result  of  the  treatment  rather  than  of 
climatic  fluctuations  during  the  treatment  period,  the  same  procedure  was  fol- 
lowed for  the  control  watershed  which  was  In  forest  cover  for  the  entire  period, 
except  that  5  c.s.m.  classes  were  used  to  better  define  a  curve  in  graphic  pre- 
sentation. Figure  19  shows  these  resulting  frequency  curves. 

It  Is  apparent  from  figure  I8  that  a  decided  Increase  In  flood  frequen- 
cies has  been  effected.  Assuming  an  average  of  50  storms  of  flood  magnitude 
in  10  years,  12  flood  peaks  over  5O  c.s.m.  could  be  expected  with  the  water- 
shed In  forest  cover.   Compared  with  this,  25  flood  peaks  In  excess  of  50  c.s.m. 
should  occur  following  forest  cutting  and  subsequent  mountain  farming.   On  the 
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X  »  Maximum  flood  peaks  in  c.s.m,  -  Watershed  No,  2 

Figure  I7. — Maximum  flood-peak  relation  between  control  watershed  No.  2  and  study  watershed 
No.  3.  Based  on  all  storms  with  a  maximum  30-minute  intensity  over  O.9O  inches 
per  hour. 

-    kk    - 


400 


3  »        S       (      T    S   9   ">  15  ZC  J.J  <«  «»  /» 

Percentage   of  occurrences 
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same  basis,  at  the  100  c.s.m.  level,  only  2  to  3  flood  peaks  from  the  forested 
watershed  could  be  anticipated  as  compared  with  at  least  10  flood  peaks  in  ex- 
cess of  100  c.s.m.  from  the  treated  watershed. 

The  corresponding  curves  for  the  control  watershed  (fig.  19)  show  that 
no  great  change  has  taken  place  in  the  precipitation  pattern.   Actually,  the 
1934-1939  period  shows  higher  flood  frequencies  than  the  post -treatment  period, 
indicating  that  possibly,  had  climatic  conditions  been  even  more  alike  for  the 
two  periods,  the  changes  brought  about  on  the  treated  watershed  would  have  been 
even  more  marked. 

Table  k   summarizes  the  changes  in  flood  peaks  at  the  1,  2,  5^  10^  20,  50 
and  80-percent  levels  for  the  Little  Hurricane  Watershed. 

This  increase  in  flood  frequency,  along  with  the  increased  magnitude, 
aids  in  explaining  why  channel  bank  vegetation  is  being  removed  and  why  the 
vegetation  which  starts  growing  on  this  site  is  washed  away  before  it  has  an 
opportunity  to  become  firmly  established. 

Table  4. --Frequency  of  flood  peaks  before  and  after  forest  cutting 

and  subsequent  mountain  farming 


Maximum  flood  peak  in  c.s.m.  exceeds.., 

1934-1939  175    135    100    75     55     30     20 

1940-1951  2000+   1000    230    130     100      60      30 


Distribution  of  Storm  Runoff 

To  show  the  effects  of  forest  cutting  and  subsequent  mountain  farming  on 
the  manner  in  which  storm  runoff  comes  off  the  experimental  watershed,  distri- 
bution graphs  were  made  for  the  two  periods,  1934-1939  and  19^0-1951.  The  method 
outlined  by  Wisler  and  Brater  (29)  was  used  to  prepare  the  storm  distribution 
graphs . 

Five  storms,  two  for  the  "before"  period  and  three  for  the  "after"  period, 
were  selected  for  this  study  on  the  basis  of  similarity  in  storm  type  and  preci- 
pitation amount  and  intensity.   The  bases  of  the  hydrographs  were  divided  into 
3-minute  intervals  and  the  total  flow  and  the  base  flow  were  calculated  for  these 
intervals.   Three -minute  intervals  were  selected  to  give  a  total  of  approximately 
20  equal  intervals  or  points  for  subsequent  graphical  analysis.   Storm  runoff  was 
obtained  by  subtracting  base  flow  from  total  flow  (unit  hydrographs).   Storm  run- 
off percentages  were  then  computed  for  each  3-minute  interval.   Storm  data  for 
before  and  after  periods  were  averaged  and  these  values  plotted  to  give  the  final 
distribution  graphs  for  the  two  periods  which  are  shown  in  figure  20. 
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-Effects  of  forest  cutting  and  subsequent  mountain  farming  on  the 
distribution  of  storm  runoff. 
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To  show  the  difference  in  the  voliome  of  storm  runoff  coming  off  the 
watershed  at  maximum  flood  stage,  a  time  period  equal  to  one-tenth  the  base 
of  the  hydrograph  (3-ininute  interval  on  each  side  of  the  actual  peak)  was 
marked  off  on  the  distribution  graphs  and  the  percentages  for  these  inter- 
vals were  determined  by  planimeter.   These  results  too  are  given  in  figure 
20. 

It  is  obvious  from  these  graphs  that  a  definite  change  has  taken 
place  in  the  distribution  of  the  storm  runoff.   One  notable  effect  is  the 
change  in  the  time  of  concentration  (time  that  runoff  began  to  the  time  of 
the  maximum  peak)  for  the  watershed.   While  the  watershed  was  in  forest 
cover,  the  peak  occurred  approximately  35  minutes  from  the  time  storm  runoff 
first  began.   Following  forest  cutting  and  mountain  farming,  the  peak  occur- 
red on  the  average  of  15  minutes  after  runoff  began.   In  a  few  cases,  with 
short  intense  summer  storms,  the  time  from  the  start  of  runoff  to  the  peak 
was  observed  to  be  as  little  as  10  minutes. 

It  is  apparent,  too,  that  the  peak  percentage  itself  was  more  than 
doubled  as  a  result  of  the  treatment.  While  in  forest  cover,  the  maximum 
value  was  approximately  12  percent;  following  cutting  and  treatment,  this 
value  jumped  to  approximately  32  percent.  Apparent  too,  is  the  change  to 
an  almost  needle-shaped  storm  hydrograph. 

Significant  also  is  the  change  in  the  peak  percentage  based  on  the 
maximum  discharge  for  a  time  period  equal  to  one-tenth  the  base  of  the 
storm  hydrograph.   For  the  "before"  period,  this  amounted  to  2k   percent  of 
the  total  storm  runoff.   As  a  result  of  treatment,  the  peak  percentage  in- 
creased to  ^9  percent. 


SUMMARY 


For  many  years  it  has  been  a  common  practice  in  the  Southern  Appal- 
achians to  clear  off  the  native  forest  cover  on  steep  slopes  and  then  to 
attempt  to  farm  the  cut-over  area.   In  this  study  a  determination  of  the 
effects  of  this  use  of  land  on  some  of  the  biologic,  edaphic  and  surface 
runoff  characteristics  of  a  23-acre  watershed  was  made  with  the  following 
results. 

Biologic  Changes 

By  clear  cutting  the  forest  cover  and  applying  different  land  use 
practices  to  the  watershed  a  marked  change  in  the  vegetation  was  produced. 
Nearly  half  of  the  watershed,  approximately  10  acres,  was  permitted  to 
grow  back  into  natural  forest  cover.   Eleven  years  after  cutting  and  negli- 
gible use  by  cattle,  the  dominant  sprouts  and  seedling  trees  are  approxi- 
mately 3  to  3-I/2  inches  in  diameter  at  breast  height  and  12  to  I5  feet  in 
height.   By  examining  adjacent  uncut  areas  and  timber  cruise  data,  it  was 
found  that  there  is  little  change  in  species  composition  in  this  coppice 
forest  area  except  for  the  presence  of  wild  plum,  hawthorne  and  staghorn 
sumac.   These  invading  species  will  probably  disappear  within  a  few  years 
following  complete  canopy  closure. 

Shrubby  and  herbaceous  cover  in  the  coppice  forest  area  is  very 
sparse  except  along  the  ridges  and  in  a  few  openings.   Many  species 
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associated  with  forest  openings  were  observed,  although  most  of  these  will 
probably  disappear  within  a  few  years.   In  most  of  the  adjoining  forest 
area  there  is  a  moderate  understory  of  mountain  laurel  and  rhododendron. 
It  is  apparently  much  slower  in  becom_ing  re-established  than  many  other 
species  since  it  is  fairly  common  only  near  the  ridges  in  the  coppice 
forest  area. 

In  the  two  pasture  areas  as  well  as  in  the  abandoned  cornfield,  the 
most  marked  changes  are  those  in  vegetation  density  and  in  species  composi- 
tion of  the  shrubby  and  herbaceous  cover.   On  all  three  areas  vegetation 
density  is  low,  particularly  in  the  lower  pasture.   Changes  in  species  com- 
position were  marked  by  the  appearance  of  such  more  or  less  noxious  or  un- 
palatable species  as  mullein,  yarrow,  Canada  thistle,  smartweed,  nettle  and 
purslane--all  frequently  associated  with  land  abuse. 

In  the  control  plots,  established  in  the  cornfield  at  the  time  it 
was  abandoned  in  19^9 ^  the  ground  cover  is  nearly  complete  after  only  two 
years.   The  most  abundant  species  in  these  two  plots  are  blackberry  and 
wild  strawberry.   It  is  obvious  in  both  plots  that  tree  species  will  soon 
take  over.   Numerous  stems  in  both  plots  exceed  6  feet  in  height. 

In  the  absence  of  forest  vegetation,  stream  temperatures  increased 
to  the  point  where  they  are  critical  or  above  the  maximum  limits  for  trout. 
Similarly,  stream  turbidities  were  increased  by  approxlmtely  three  times, 
and  slltation  or  sedimentation  Increased  tremendously. 


Edaphlc  Changes 

The  results  of  an  infiltration  study  made  in  19^9  showed  marked 
differences  In  the  infiltration  rates  of  the  portions  of  the  watershed 
used  in  different  ways.   In  all  the  forested  plots  sampled  on  the  Coweeta 
area,  Including  the  coppice  forest  portion  of  the  Little  Hurricane  Water- 
shed, the  average  infiltration  rate  invariably  exceeded  6  inches  per  hour. 
The  values  noted  for  the  cornfield,  upper  pasture,  and  lower  pasture  re- 
spectively in  19^9  were  4.00,  3.00  and  O.56  inches  per  hour.   Since  many 
of  the  storms  on  the  Coweeta  area  show  precipitation  intensities  in  excess 
of  0.56  inches  per  hour,  high  surface  runoff  rates  would  be  anticipated 
from  the  lower  pasture.   Similar  infiltration  tests  made  on  the  abandoned 
cornfield  immediately  before  and  following  grazing  in  1950  indicated  that 
even  short  periods  of  grazing  caused  sharp  decreases  in  the  infiltration 
rate. 

As  indicated  by  samples  collected  from  an  adjacent  watershed,  the 
permeability  of  undisturbed  forest  soil  averaged  well  over  100  inches  per 
hour  in  the  O-3  inch  layer  and  over  60  inches  per  hour  in  the  3-6  inch 
zone.   Tests  on  soils  collected  from  the  mountain  farm  area  showed  minimum 
values  in  the  lower  pasture  where  the  average  rates  were  6.6  and  2.7  inches 
per  hour  for  the  O-3  and  3-6  inch  layers  respectively. 

The  percent  of  water-stable  aggregates  similarly  were  much  higher  in 
the  forested  areas.   In  the  undisturbed  forest  the  percentages  of  water 
stable  aggregates  over  ^4-  mm.  in  size  in  the  surface  and  subsurface  layers 
were  85.5  and  73.8  respectively,  compared  with  percentages  of  46.2  and  40.1 
in  the  control  plots  in  the  abandoned  cornfield.   The  soil  dispersion  re- 
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suiting  from  the  decrease  in  aggregation  is  undoubtedly  responsible  for 
increases  in  soil  losses  from  the  watershed  and  indirectly  for  the  in- 
creases in  surface  runoff.  An  analysis  of  the  aggregation  of  the  fine 
earth  material  indicated  similar  results. 

Differences  in  organic  matter  content,  volume  weight,  and  porosity 
are  also  evident.   The  effect  of  former  cultivation  in  the  abandoned  corn- 
field is  evidenced  in  that  the  organic  matter  content  of  both  surface  and 
subsurface  layers  are  nearly  the  same.   In  the  control  plots  in  the  aban- 
doned cornfield  the  organic  content  of  the  subsurface  layer  is  approxi- 
mately the  same  as  in  the  cornfield  itself.   However,  the  2  years  protec- 
tion offered  the  control  plots  appears  to  have  been  sufficient  to  increase 
the  organic  matter  content  materially  in  the  surface  layer.   The  lowest 
organic  matter  content  in  both  layers  is  noted  for  the  lower  pasture. 
Apparently,  grazing  has  brought  about  soil  compaction  and  thus  inhibited 
the  incorporation  of  litter  and  humus.   It  is  probable,  too,  that  earlier 
cultivation  of  this  area  may  have  caused  soil  changes  in  the  lower  pasture. 
The  coppice  forest  area  showed  the  highest  content  of  organic  matter  in 
both  layers .   This  is  probably  the  result  of  an  accumulation  of  litter 
from  slash  and  a  heavy  herbaceous  cover  following  clear  cutting  and  the 
decaying  of  root  systems  from  the  trees  formerly  occupying  the  area. 

The  greatest  differences  in  volume  weight  in  both  layers  were  found 
between  the  coppice  forest  and  thp  lower  pasture,  indicating  a  close  re- 
lationship between  organic  matter  content  and  volume  weight.   In  the  sur- 
face layer,  volume  weight  values  range  from  0.82  to  1.11.   In  the  subsurface 
layer  all  values  are  very  nearly  the  same  except  in  the  lower  pasture  where 
volume  weight  was  1.28,  again  showing  the  effects  of  trampling.   These  values, 
as  well  as  those  noted  for  organic  matter  content,  suggest  that  the  most  marked 
changes  in  the  physical  characteristics  of  the  soil  occur  in  the  0-3  inch  layer. 

In  porosity  values,  a  slight  decrease  in  total  and  noncapillary  poro- 
sity and  an  increase  in  capillary  porosity,  in  comparison  with  undisturbed 
forest  conditions,  is  indicated.   In  noncapillary  porosity  a  decrease  of  ap- 
proximately 6  percent  by  volume  is  shown.   According  to  many  writers,  non- 
capillary porosity  determines  permeability.   From  the  results  of  these  deter- 
minations, small  changes  in  the  large  pore  volume,  then,  may  effect  marked 
changes  in  permeability  rates. 

One  of  the  greatest  changes  in  the  soil  as  a  consequence  of  the  treat- 
ment is  in  soil  losses  from  the  watershed.   During  the  calibration  period, 
193^-1939^  and  until  August,  19^1^  the  average  soil  losses  amounted  to  about 
15^  pounds  per  acre  per  year.  Following  the  cutting  of  the  forest  and  the 
application  of  mountain  farming  practices,  the  average  soil  losses  increased 
to  well  over  a  ton  per  acre  per  year.   A  small  portion  of  this  increase  might 
perhaps  be  attributed  to  a  change  in  the  method  of  collecting  soil  losses. 
However,  virtually  all  the  increase  should  be  assigned  to  the  treatment  of 
the  watershed. 

Cultivation  alone  appears  to  be  responsible  for  marked  increases  in      ■  t 
soil  losses.   These  losses  increased  sharply  for  a  2-year  period  following      H  1 
the  cutting  of  the  forest  cover  in  which  the  cornfield  was  cultivated  and 
the  pasture  areas  were  grazed.   During  19^4-4  and  19^5  the  cornfield  was  pro- 
tected and  permitted  to  lie  idle  while  the  pastures  were  being  grazed.   During 
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this  period,  soil  losses  dropped  noticeably.  Following  this,  the  corn- 
field was  again  cultivated  for  h   years  and  the  soil  losses  mounted  to  a 
high  in  19^9  of  over  2-l/2  tons  per  acre  per  year.   In  I95O  and  1951  cul- 
tivation was  discontinued  and  the  abandoned  cornfield  was  grazed  along 
with  the  two  pasture  areas,  and  again  soil  losses  declined. 


Runoff  Changes 

A  study  made  on  the  Little  Hurricane  Watershed  indicated  an  average 
runoff  percent  of  2.66  for  all  storms  with  a  maximum  30-ii^inute  precipitation 
intensity  over  O.9O  inches  per  hour  for  the  period  in  which  the  area  was  in 
forest  cover.  Following  forest  cutting  and  mountain  farming,  this  was  in- 
creased to  4.50  percent.   Summer  stonns  alone  gave  percentages  of  1.53  and 
h.^9   for  the  before  and  after  periods,  respectively. 

A  very  significant  change  in  the  magnitude  of  flood  peaks  occurred 
as  a  result  of  the  land  use  treatment  applied.   Unit  summer  storms  yielding 
precipitation  at  the  rate  of  3  inches  per  hour  for  I5  minutes,  for  example, 
showed  an  increase  in  the  resulting  maximum  flood  peak  from  27  to  Qk   cubic 
feet  per  second  per  square  mile.  At  the  rate  of  5  inches  per  hour  for  15 
minutes  the  increase  theoretically  would  be  from  59  c.s.m.  to  approximately 
335  c.s.m. 

A  study  of  flood  peak  frequencies  for  the  watershed  indicated  simi- 
lar marked  changes.   During  the  period  of  standarization,  only  three  floods 
occurred  with  maximum  peaks  over  5O  c.s.m.,  while  following  treatment  25 
floods  with  maximum  peaks  in  excess  of  5O  c.s.m.  were  noted.   A  similar  analy- 
sis of  data  from  a  control  watershed  actually  indicated  lower  frequency  values 
for  the  later  period. 

One  of  the  most  significant  changes  in  surface  runoff  brought  about  by 
forest  cutting  and  subsequent  mountain  farming  is  the  manner  in  which  the  run- 
off water  comes  off  the  watershed.  Runoff  distribution  graphs  comparing  the 
before  and  after  periods  show  that  the  peak  runoff  occurs  about  15  minutes 
after  the  beginning  of  a  storm  since  the  area  has  been  treated.   Before  clear- 
ing, the  peak  runoff  did  not  occur  until  about  35  minutes  after  the  beginning 
of  a  storm.   For  both  periods  the  duration  of  runoff  was  approximately  60 
minutes.  Prior  to  treatment  approximately  12.5  percent  of  the  storm  flow  came 
off  the  watershed  during  the  peak  3-minute  interval.   Following  treatment,  this 
value  jumped  to  nearly  32  percent. 


PRACTICAL  IMPLICATIONS  FOR  LAM)   USE 


As  a  result  of  increasing  population  and  economic  pressures,  thousands 
of  acres  of  steep  forest  land  within  the  Southern  Appalachian  region  have  been 
cleared  for  use  as  pasture  or  cropland.   The  advisability  of  this  practice  has 
been  extremely  questionable  from  an  agronomic  and,  particularly,  from  a  hydro- 
logic  standpoint.   The  results  of  this  study  show  that  forest  cutting  and  the 
application  of  average  to  poor  farming  practices  have  a  very  deleterious  effect 
upon  the  physical  properties  of  the  surface  soil  and  increase  surface  runoff 
during  storms. 
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Within  a  short  period  of  time  after  cultivation  is  begun,  the  organic 
constituent  and  natural  structure  of  the  former  forest  soil  "begin  to  break 
down,  leading  to  soil  dispersion  and  resultant  accelerated  erosion.  When 
row  crops  are  cultivated  on  steep  land,  the  exposed  topsoil  washes  away  in- 
creasingly with  each  year  and  fertility  declines  until,  after  a  period  of  a 
few  years,  yields  have  decreased  to  the  point  where  the  operation  is  no  longer 
profitable. 

Since  the  farmer  invested  a  great  deal  of  labor  in  the  original  clear- 
ing, he  frequently  decides  to  convert  the  worn-out  area  to  pasture  instead  of 
allowing  it  to  return  to  forest  cover. 

All  too  frequently  the  land  now  becomes  overgrazed,  which  results  in 
rapid  compaction  of  the  already  eroded  soil  due  to  trampling  by  the  cattle. 
Infiltration  and  permeability  rates  quickly  decline,  and  the  soil  loses  its 
capacity  for  water  storage.   The  cumulative  effect  of  these  abuses  is  to  in- 
crease the  volume  of  surface  runoff  and  to  multiply  the  frequency  and  magni- 
tude of  floods  which  would  have  occurred  under  natural  forest  conditions. 


I 
I 


At  first  glance,  it  might  appear  that  the  injury  is  confined  to  an 
already  worn-out  area  and  thus  is  of  minor  consequence.  However,  once  these 
floods  begin  to  occur  in  increasing  number  and  magnitude,  it  becomes  clear        „ 
that  the  damage  is  much  more  extensive  and  much  more  serious.  I 

Such  flood  source  areas  produce  erosion  on  lower  lands  which  normally 
would  not  be  subject  to  serious  soil  washing.   Within  the  past  10  years  many 
farmers  in  this  region,  who  depended  on  the  cultivation  of  row  and  truck 
crops  in  the  first  bottom  lands  along  the  streams  for  their  greatest  source 
of  income,  have  been  forced  to  convert  these  areas  to  permanent  pasture  which 
can  withstand  increased  flooding. 

Results  such  as  these  could  probably  be  expected  from  average  to  poor 
farming  practices  in  other  areas  with  similar  topography  and  soils.  It  might 
be  suggested  that  better  farming  methods  could  alleviate  the  situation.  Corn 
might  be  rotated  with  clover  and  small  grains,  and  the  amount  of  fertilizer 
used  could  be  increased  to  advantage.  Less  damage  from  trampling  would  occur 
if  fences  were  built  and  fewer  cattle  permitted  to  graze.  However,  all  these 
improved  practices  are  difficult  and  expensive  on  such  steep  land. 

When  stream  conditions  in  undisturbed  forests  are  observed,  one  is  con- 
vinced that  good  forests,  good  soils  and  good  water  go  hand  in  hand.   Soil 
conditions  under  undisturbed  forest  encourage  storage  of  water  and  make  possible 
the  control  of  erosion.   It  is  reasonable  to  believe  that  through  the  ages  there 
has  developed  harmonious  adjustment  of  vegetation,  soil  and  water.   This  natural 
adjustment,  however,  appears  to  be  in  delicate  balance.   It  is  impossible  to 
disturb  the  forest  without  distrubing  this  equilibrium. 

It  is  oviously  impractical,  however,  to  leave  all  land  in  forest  no  mat- 
ter how  excellent  the  supply  of  water  thus  assured  would  be.   Land  must  be  used, 
but  must  also  be  carefully  managed  in  order  to  husband  its  potentialities  for 
human  satisfaction.   As  we  come  to  understand  all  of  the  physical  forces  which 
must  be  kept  in  balance,  we  will  be  better  able  to  develop  land  management  prac- 
tices which  will  permit  us  to  utilize  all  resources  without  exploiting  any  one 
at  the  expense  of  another. 
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MANAGING  SHORTLEAJ  PINE  IN  LITTLELEAI'^  DISEASE  AREAS^ 

by 

2/ 
W.  A.  Campbell,  Otis  L.  Copeland,  Jr.,  and  George  H.  Hepting— ' 


INTRODUCTION 


Investigations  on  the  cause  of  the  littleleaf  disease  of  shortleaf  and 
loblolly  pines,  and  on  possible  remedial  measures,  have  been  in  progress  for 
approximately  12  years.   In  19^5^  the  results  of  investigations  up  to  that  time 
were  summarized  in  a  U.  S.  Department  of  Agriculture  Circular  (^).   Since  then 
numerous  publications  have  appeared  on  the  cause,  soil  relationships,  and  re- 
lated phases  of  the  study.  Recommendations  for  management  of  shortleaf  pine  in 
areas  where  the  disease  is  common  are  summarized  here  for  use  by  foresters  and 
landowners . 


DISTRIBUTION  AND  ECONOMIC  IMPORTANCE  OF  LITTLELEAF 

Littleleaf  occurs  in  varying  amounts  in  seven  southeastern  States  (fig.  l) . 
The  littleleaf  belt  extending  from  Virginia  to  Mississippi  embraces  approximately 
30  million  acres,  of  which  over  half  is  in  forests.   The  darker  shaded  portions  of 
the  map,  which  indicate  areas  of  abundant  littleleaf,  cover  about  5  million  acres 
of  forest  land. 

Even  in  areas  of  greatest  abundance,  littleleaf  is  not  uniformly  distri- 
buted throughout  shortleaf  pine  stands.  Age  of  stand,  soil  conditions,  and  de- 
gree of  erosion  are  important  factors  in  the  distribution  of  the  disease.   In  the 
Piedmont  and  other  physiographic  regions  where  littleleaf  occurs,  limited  areas  of 
severe  littleleaf  may  be  found  in  close  proximity  to  healthy  stands.   This  spotty 
occurrence  of  littleleaf  in  many  areas  and  relative  lack  of  the  disease  in  nearby 
stands  makes  an  understanding  of  its  cause  and  soil  relationships  rather  important. 


l/  The  littleleaf  disease  research  program  has  been  carried  on  mainly  in 
cooperation  with  the  Southeastern  Forest  Experiment  Station,  U.  S.  Forest  Service, 
and  the  School  of  Forestry  of  the  University  of  Georgia. 

2/  Respectively,  Senior  Pathologist,  Soil  Scientist,  and  Principal  Patho- 
logist, Division  of  Forest  Pathology,  Bureau  of  Plant  Industry,  Soils,  and  Agri- 
cultural Engineering,  U.  S.  Department  of  Agriculture,  Athens,  Georgia,  Union, 
South  Carolina,  and  Asheville,  North  Carolina. 


LEGEND 

COMMERCIAL  RANGE  OF 
SHORTLEAF  PINE  EAST  OF 
THE  MISSISSIPPI  RIVER 


^M  SCATTERED  LITTLELEAF 


ABUNDANT  LITTLELEAF 


Figure  1. --Known  distribution  of  llttleleaf  disease  of  shortleaf  and  loblolly  pines. 


No  discussion  of  littleleaf  would  be  complete  without  some  estimate  of  the 
losses  caused  by  it  on  approximately  15  million  acres  of  forest  land  within  the 
littleleaf  belt.  Fortunately,  valid  estimates  on  the  losses  from  littleleaf  in 
Piedmont  South  Carolina  exist  from  a  forest  survey  made  in  19^7  (^)-  At  that  time 
ll8  million  board  feet  of  shortleaf  pine  were  recently  dead  or  in"~the  advanced 
stages  of  the  disease.   This  meant  that  about  39  million  board  feet  would  die  each 
year,  since  trees  in  the  advanced  stages  have  a  life  expectancy  of  less  than  3 
years.   The  data  for  South  Carolina  were  computed  independently  for  areas  of  scat- 
tered and  abundant  littleleaf,  thus  making  possible  estimates  of  mortality  in  the 
other  six  States.   These  estimates  are  given  in  table  1.  Due  allowances  have  been 
made  for  differences  in  forest  acreage  and  other  factors  such  as  relative  age  of 
stands.   Estimates  are  also  included  for  loblolly  pine  mortality  in  States  in 
which  an  appreciable  volume  of  this  species  is  affected  by  littleleaf. 

Not  all  expected  mortality  can  be  considered  as  loss,  since  much  salvage 
cutting  of  diseased  trees  prior  to  death  is  done  in  littleleaf -affected  areas. 
Although  no  allowance  for  trees  salvaged  was  made  in  the  loss  estimates,  the  sal- 
vage is  probably  more  than  counterbalanced  by  loss  in  increment  due  to  the  under- 
stocking of  littleleaf -ravaged  stands,  and  the  growth  loss  in  diseased  trees  prior 
to  death.  As  soon  as  littleleaf  symptoms  appear,  radial  growth  practically  stops, 
and  although  diseased  trees  may  live  for  10  or  more  years  from  the  onset  of  symp- 
toms, they  do  not  increase  materially  in  size.  Another  type  of  indirect  loss 
arises  from  the  accelerated  conversion  of  pine  stands  to  hardwoods,  which  takes 
place  as  pines  are  killed  by  littleleaf. 

Besides  the  loss  in  trees  of  saw-timber  size  in  South  Carolina,  14-6,000  cords 
of  wood  in  the  6  to  8-inch  class  are  killed  annually  by  littleleaf.   This  would 
conservatively  place  the  annual  mortality  in  trees  of  this  size  over  the  entire 
littleleaf  belt  at  more  than  250,000  cords. 
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Table  1. --Estimated  annual  mortality  from  littleleaf,  based  on  19^7  field  data 


Alabama 

Georgia 

Mississippi 

North  Carolina 

South  Carolina 

Tennessee 

Virginia 

Total 


M  bd.  ft. 

69,000 

55,000 
1,400 
9,800 

38,000 
5,000 

15,000 


193,200 


M  bd.  ft. 

13,000 
5,000 
0 
0 
3,800 
0 
0 


21,800 


THE  CAUSE  OF  LITTLELEAE 


The  symptoms  of  littleleaf  develop  largely  from  the  gradual  killing  of  the 
fine  roots  by  the  parasitic  fungus  Fhytophthora  cinnamomi  and  probably  to  a  lesser 
extent  from  other  cuases.   Experimental  inoculations  have  demonstrated  that  new 
root  ends  and  very  young  roots  are  most  susceptible  to  infection.   The  gradual 
loss  of  the  fine  absorbing  roots  interferes  especially  with  the  absorption  of 
nitrogen,  leading  to  a  slow  cessation  of  growth  and  yellowing  of  the  foliage,  fol- 
lowed by  premature  death. 

Fhytophthora  cinnamomi  is  widely  distributed  in  the  soils  of  the  Southeast, 
occurring  in  the  coastal  plain  and  other  areas  where  littleleaf  is  absent.   Its 
ability  to  attack  roots  severely  depends  to  a  great  extent  on  soil  type  and  condi- 
tion.  Experimental  work  has  shown  that  root  infection  is  very  limited  in  sandy 
soils,  more  common  in  loams,  and  severe  in  silts  and  clays.   Since  the  fungus  re- 
quires abundant  moisture  to  produce  the  swarm  spores  that  cause  infection,  root 
damage  increases  as  the  subsoils  become  more  poorly  drained.   The  relationship  be- 
tween soil  internal  drainage  and  root  infection  helps  to  explain  why  the  disease 
is  confined  to  the  heavier  soils  of  the  Fiedmont  and  related  areas. 

Recognition  of  the  role  played  by  a  parasitic  root  fungus  and  of  its  depend- 
ence upon  certain  soil  conditions  to  cause  severe  root  mortality  is  Important  in 
the  development  of  plans  for  the  management  of  littleleaf  areas.   The  disease  does 
not  normally  spread  from  diseased  trees  to  healthy  trees  through  transfer  of  In- 
oculum.  The  fungus  is  already  present  in  most  southeastern  pine  soils  and  the 
development  of  littleleaf  is  conditioned  almost  entirely  by  soil  factors  which  can- 
not be  changed  materially  except  over  long  periods  of  time. 
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SOIL  SERIES  AND  SOIL  CONIlITIONS 
IN  RELATION  TO  LITTLELEAF 


Early  progress  reports  on  the  investigation  of  littleleaf  suggested  that  severe 
symptoms  were  associated  with  frequent  burning,  low  site  index,  soil  erosion,  and  steep 
slopes.   In  I9U8,  on  the  Calhoun  Experimental  Forest  near  Union,  South  Carolina,  on 
various  soil  associations  littleleaf  severity  was  found  to  increase  as  internal  drain- 
age of  the  soil  profiles  became  poorer  {2) . 

In  order  to  explain  these  apparent  relationships,  a  more  extensive  soils-little- 
leaf  study  was  begun  in  19^9  throughout  the  littleleaf  region  of  the  southern  Piedmont. 
Forest  vegetation,  soil  characteristics,  and  disease  severity  were  studied  in  the  search 
for  factors  associated  with  the  disease. 

The  amount  of  littleleaf  varies  greatly  on  different  soils,  and  although  disease 
severity  may  vary  from  site  to  site  on  any  one  particular  soil,  the  average  amount  of 
littleleaf  follows  a  fairly  regular  relationship  to  the  internal  drainage  condition  of 
a  particular  soil  series  (table  2).   Internal  drainage  is  defined  as  "that  quality  of 
a  soil  that  permits  the  downward  flow  of  excess  water  through  it"  (l) .      Soil  texture, 
structure,  porosity,  height  of  water  table  and  other  factors  influence  it.   Thus,  soils 
with  poor  internal  drainage  are  usually  more  nearly  saturated  and  reciprocally  less 
well-aerated  for  long  periods  of  time  and  this  leads  to  the  development  of  less  exten- 
sive pine  root  systems  and  favors  infections  by  the  root  fungus  Phytophthora  cinnamoml. 

Table  2.--A  comparison  of  littleleaf  incidence  by  Piedmont  soil  groups  according 

to  their  internal  drainage 


Soil  series  group 


Plots 


Littleleaf  trees 
(weighted  mean) 


Internal 
drainage 


Number 


Percent 


Durham,  Alamance, 
Cecil,  Georgeville, 
Davidson,  Lockhart, 
Lloyd,  Nason 

Louisa,  Madison, 
Appling,  Helena 

Cataula,  Mecklenburg, 
Orange,  Vance,  Tatum, 
Herndon,  Manteo,  Wilkes 


66 


39 


53 


3-9 


12.1 


25.5 


Excellent 
to  good 


Good  to  poor 


Generally 
poor 


Two  shortleaf  pine  stands,  one  healthy  and  the  other  severely  diseased,  on  two 
different  soils  are  illustrated  in  figure  2.   The  healthy  stand  is  located  on  a  well- 
developed  Cecil  sandy  loam  with  medium  to  rapid  internal  drainage.  At  corresponding 
depths  the  transmission  rates  of  water  (measured  as  the  flow  of  water  through  saturated 
cores)  in  the  Cecil  soil  range  from  10  to  20  times  greater  than  in  the  shallow,  eroded 
Vance  sandy  loam  with  slow  internal  drainage  which  supports  the  diseased  stand.  Greater 
porosity  in  the  Cecil  profile  is  apparent  and  contributes  to  better  drainage. 

According  to  the  position  of  these  two  soils  in  table  2,  it  is  apparent  that  the 
Cecil  soil  would  normally  support  healthy  or  only  light  littleleaf  stands,  while  moderate 
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CECIL    SANDY  LOAM 


VANCE    SANDY  LOAM 


DEPTH 


INCHES 


TRANSMISSION        PORE 
RATE  SPACE 

INCHES  PER  HOUR      PERCENT 


0-2 

P* 

10.90 

597 

2-4 

r*^ 

1.62 

43.8 

4-6 

0.64 

36.7 

6-8 

- 

0.79 

38.6 

8-10 

k — 

0.40 

30.1 

10-  12 

,- . ..  _ 

S-    - 

0.65 

26.8 

12-  14 

f^ 

0.34 

14   1 

14-  16 

0  18 

10.6 

16-  18 

■ 

0,10 

5.7 

18-20 

0.15 

9.1 

20-22 

i     " 

0.10 

12.0 

22-24 

r. .. 

0.05 

11.2 

24-26 

0.10 

7.7 

26-28 

i 

K, 

0.04 

6.8 

28-30 

' 

0.03 

6.9 

30+    DISINTEGRATED    ROCK 


DEPTH 

INCHES 

0  - 

2 

2  - 

4 

4  - 

6 

6  - 

8 

8  - 

10 

10- 

12 

12- 

14 

14- 

16 

TRANSMISSION         PORE 
RATE  SPACE 

INCHES  PER  HOUR     PERCENT 


r-.- 


0.94 

33.2 

0.10 

12.2 

0.03 

9.9 

0.05 

7.4 

0.02 

8.1 

0.01 

8.9 

0.01 

6.6 

0.01 

9.7 

16+      DISINTEGRATED  ROCK 


Figure  2.--A  healthy  shortleaf  pine  stand  on  a 
Cecil  sandy  loam  on  left;  a  stand  with  little- 
leaf  on  a  Vance  sandy  loam  on  right. 
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to  severe  littleleaf  may  be  expected  in  stands  occurring  on  the  Vance  soil.   Thus  table 
2  affords  a  means  of  approximating  expected  littleleaf  severity  on  different  soil  series. 

More  than  thirty  soil,  vegetation,  or  fungus  factors  have  been  studied  in  rela- 
tionship to  littleleaf.   Only  two  soil  features,  internal  drainage  and  degree  of  soil 
erosion,  are  statistically  significantly  correlated  with  littleleaf  severity.   These  two 
factors  provide  the  basis  for  the  development  of  a  guide  for  estimating  the  littleleaf 
hazard  for  any  site. 

PREDICTING  THE  LITTLELEAF  HAZARD  FOR  DIFFERENT  SITES 

An  urgent  need  exists  for  a  practical  field  guide  for  predicting  the  littleleai" 
hazard  on  different  sites  throughout  the  littleleaf  region.   Such  a  guide  must  neces- 
sarily be  usable  by  foresters  in  the  field  without  requiring  detailed  laboratory  analy- 
ses or  measurements. 

Since  a  significant  relationship  exists  between  groups  of  soils  and  littleleaf 
severity,  soil  units  such  as  series  or  types  might  be  used  as  a  guide  in  determining 
the  probable  disease  hazard  (see  table  2)  provided  proper  classification  of  the  soil 
unit  is  made.  However,  in  old  agricultural  areas,  this  method  of  estimating  disease 
hazard  could  only,  at  best,  result  in  predictions  of  a  general  nature  because  diverse 
farming  practices  have  produced  alterations  in  the  original  soils  which  may  not  be  re- 
flected by  the  mere  classification  of  the  soil  as  to  its  proper  series.   Therefore,  a 
more  precise  rating  guide  is  needed. 

A  simplified  rating  scale,  of  a  preliminary  nature,  developed  from  field  notes 
of  an  extensive  solls-littleleaf  survey  is  presented  in  figure  3j  aJi^  is  based  upon  two 
soil  characteristics,  internal  drainage  and  soil  erosion.   The  degree  of  soil  erosion 
can  be  classified  fairly  readily;  however,  the  accurate  classification  of  internal  drain- 
age is  difficult  and  requires  considerable  training  and  experience.   Therefore,  erosion 
is  used  in  the  rating  scale,  but  three  more  easily  evaluated  characteristics — subsoil 
consistence,  depth  to  zone  of  greatly  reduced  permeability,  and  subsoil  mottling — are 
substituted  for  internal  drainage.   These  three  substituted  characteristics  adequately 
characterize  internal  drainage  for  the  purpose  of  this  rating  scale. 

A  site  expected  to  remain  disease-free  is  assigned  a  total  of  100  points.   This 
is  broken  down  so  that  kO   points  are  allocated  to  the  erosion  factor  and  60  points  to 
the  internal  drainage  factor.   The  further  division  of  the  60  points  between  the  three 
soil  characteristics  used  in  lieu  of  internal  drainage  is  shown  in  figure  3-   I"t  is 
necessary  to  understand  the  terms  used  in  the  rating  scale  before  any  attempt  is  made 
to  use  it.  ^ 


The  term  erosion  as  used  in  this  discussion  denotes  accelerated  water  erosion 
and  the  classes  used  are  essentially  those  recognized  by  the  U.  S.  Division  of  Soil 
Survey  (l). 

Slight  erosion. --The  thickness  and  character  of  the  A  horizon  has  not  been  altered 
to  an  appreciable  extent.  Not  more  than  25  percent  of  the  original  A  horizon  has  been 

removed. 

Moderate  erosion. — The  soil  has  been  eroded  to  the  extent  that  ordinary  tillage 
implements  reach  through  the  remaining  A  horizon.   From  25  to  75  percent  of  the  original 
A  horizon  may  have  been  lost.   Shallow  gullies  may  be  present. 

Severe  erosion. — All  or  practically  all  of  the  original  A,  and  commonly  part  of 
the  B,  horizon  have  been  lost.   Shallow  gullies  are  common. 

Rough  gullied  land. — The  land  presents  an  intricate  pattern  of  moderately  deep  or 
deep  gullies.  Soil  profiles  have  been  destroyed  except  in  small  areas  between  gullies. 
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Soil  consistence  is  that  quality  of  soil  material  which  is  expressed  by  resis- 
tance to  deformation.  As  used  in  this  discussion,  subsoil  consistence  is  determined 
when  the  moisture  content  of  the  subsoil  is  approximately  midway  between  air  dry  and 
field  capacity.   To  evaluate  consistence,  select  and  attempt  to  crush  in  the  hand  a 
mass  of  soil  that  feels  slightly  moist.   Customarily,  descriptions  of  consistence  re- 
fer to  that  of  soil  from  undisturbed  horizons.   Five  recognized  consistence  classes 
for  moist  soil  are  used  in  the  littleleaf  prediction  rating  scale  (_l) .   They  are  de- 
fined below. 

Very  friable .--Soil  material  crushes  under  very  gentle  pressure  but  coheres 
when  pressed  together. 

Friable. --Soil  material  crushes  easily  under  gentle  to  moderate  pressure  be- 
tween thumb  and  forefinger,  and  coheres  when  pressed  together. 

Firm. --Soil  material  crushes  under  moderate  pressure  between  thumb  and  fore- 
finger but  resistance  to  pressure  is  distinctly  noticeable.   Slightly  plastic  when  wet. 

Very  firm. — Soil  material  crushes  under  strong  pressure;  barely  crushable  be- 
tween thumb  and  forefinger.   Plastic  when  wet. 

Extremely  firm. --Soil  material  crushes  only  under  very  strong  pressure;  cannot 
be  crushed  between  thumb  and  forefinger  and  must  be  broken  apart  bit  by  bit.  Very  plas- 
tic when  wet. 

The  depth  to  the  zone  of  greatly  reduced  permeability  is  determined  from  soil 
pits  dug  by  the  observer  and  the  accuracy  of  this  determination  depends  upon  his  judg- 
ment and  experience.   Certain  conditions  such  as  denseness  of  soil  layers,  resistance 
encountered  in  digging,  texture  of  soil  layers,  absence  of  cracks  and  large  pores,  and 
others,  aid  in  locating  this  zone  of  reduced  permeability.   Usually  this  zone  occurs 
near  the  top  of  or  within  the  B  horizon  (l  to  3  feet),  and  when  it  is  located  the  obser- 
ver simply  measures  the  depth  to  it  from  the  soil  surface. 

Mottling  in  a  soil  is  a  splotching  of  a  uniform  color  with  spots  of  other  colors. 
It  is  described  by  the  prominence,  abundance,  and  size  of  individual  mottles.   Within 
the  littleleaf  region,  the  mottling,  mainly  grays  and  browns,  in  soil  is  evidence  of 
water  saturation.   It  indicates  impeded  drainage  and  is  usually  restricted  to  the  sub- 
soil. Four  relative  classes  of  mottling  are  included  in  the  rating  scale.   No  great 
difficulty  should  be  experienced  in  evaluating  this  factor  according  to  the  classes 
listed. 

There  are  several  tools  available  for  use  in  examining  soils — the  conventional 
soil  auger,  the  post-hole  auger  which  is  larger,  a  spade,  mattock,  and  the  common  post- 
hole  digger.   The  common  post-hole  digger  is  preferred  because  it  does  not  grind,  pul- 
verize, or  mix  the  soil  as  much  as  the  augers.   This  is  especially  desirable  for  deter- 
mining consistence  and  mottling. 

As  a  test  of  its  usefulness,  the  rating  scale  was  applied  to  the  I58  plots  of 
the  South  Carolina  soils-littleleaf  survey.   The  plots  fall  into  three  classes:   healthy 
sites  having  a  rating  of  75  or   more  points;  light  to  moderate  littleleaf  hazard  sites 
having  5I  to  7^  points  inclusive,  and  severe  littleleaf  hazard  sites  having  less  than 
51  points.   The  classification  of  the  survey  plots  by  the  use  of  the  rating  scale  plot- 
ted against  the  actual  percent  of  littleleaf  trees  is  shown  in  the  scatter  diagram  of 
figure  3.   The  results  compare  favorably  with  the  actual  field  classification.   The 
healthy  plots  that  occur  in  the  light  to  moderate  littleleaf  group  in  the  rating  scale 
average  8  years  younger  than  the  healthy  group  and  probably  represent  stands  approach- 
ing the  threshold  of  disease  expression. 

The  mechanics  of  rating  sites  can  be  illustrated  by  rating  the  two  sites  in 
figure  2.   The  Cecil  soil  is  slightly  eroded,  subsoil  consistence  is  friable,  depth 
to  zone  of  greatly  reduced  permeability  is  16  inches,  and  the  subsoil  is  free  of  mottl- 
ing.  The  Vance  soil  is  severely  eroded,  subsoil  consistence  is  very  firm,  depth  to 


zone  of  greatly  reduced  permeability  is  k   inches,  and  the  subsoil  is  moderately  mottled. 
Referring  to  the  rating  scale  (fig.  3) >    the  Cecil  soil  has  a  rating  of  86  points,  which 
places  it  in  the  healthy  group.   The  Vance  soil  has  a  rating  of  36  points,  which  places 
it  in  the  severe  littleleaf  group.   The  photographs  corroborate  these  ratings. 

SUGGESTED  MANAGEMENT  PRACTICES  IN  RESPECT 
TO  STAND  AND  SITE  CONDITIONS 

An  analysis  of  the  shortleaf  pine  stands  within  the  littleleaf  belt  and  associ- 
ated potential  pine  sites  discloses  four  situations,  each  requiring  a  different  approach 
to  the  management  problem.   These  are  discussed  as  follows: 

Stands  in  which  Littleleaf  is  Present 

Although  littleleaf  may  develop  in  stands  as  young  as  20  years  of  age,  the  major- 
ity of  those  becoming  diseased  show  first  symptoms  between  3O  and  50  years  of  age.  In 
general,  the  earlier  symptoms  appear,  the  more  severe  the  resulting  effect  on  the  stand. 
Obviously,  greater  loss  will  result  in  those  stands  showing  disease  at  an  early  age,  be- 
cause most  of  the  diseased  trees  that  should  be  salvaged  will  be  too  small  to  market  ex- 
cept as  pulpwood.  Stands  becoming  diseased  at  a  later  date  often  produce  a  considerable 
volume  of  saw  timber. 

The  first  problem  in  dealing  with  littleleaf  stands  is  that  of  properly  spacing 
cuttings  to  minimize  the  loss  of  merchantable  timber.   Suggested  cutting  cycles  are 
based  on  the  amount  of  disease  in  the  stand  and  the  known  rate  of  deterioration  of  af- 
fected trees.   Elmer  Roth,  in  a  study  now  in  progress,  has  analyzed  the  data  on  the 
dominant  and  codominant  trees  from  3I  permanent  sample  plots  covering  the  10  years  be- 
tween 19^1  and  1951.   On  the  light  littleleaf  plots,  in  addition  to  the  mortality  among 
the  scattered  littleleaf  trees  that  were  present  when  the  plots  were  established  in 
19^1^  3^  percent  of  the  originally  healthy  trees  showed  symptoms  in  1951  and  k   percent 
had  died.   On  the  moderate  littleleaf  plots,  in  addition  to  the  mortality  among  trees 
originally  diseased  in  19^1,  51  percent  of  the  healthy  trees  had  developed  symptoms  by 
1951  and  8  percent  had  died.   On  the  severe  littleleaf  areas  67  percent  of  the  healthy 
trees  became  diseased  in  10  years  and  27  percent  died.   Therefore,  on  sfevere  littleleaf 
areas,  the  expected  mortality  among  healthy  trees  plus  the  loss  of  trees  already  di- 
seased would  lead  to  serious  stand  depletion  over  a  relatively  short  period. 

Hepting  (_3)  formulated  the  following  cutting  rules  for  lightly,  moderately,  and 
severely  diseased  stands,  assuming  that  the  stands  in  question  are  relatively  accessible 
and  that  littleleaf  trees  live  for  an  average  of  7  years  from  the  onset  of  symptoms  and 
those  in  advanced  stages  less  than  3  years: 

(1)  Where  only  an  occasional  shortleaf  pine  shows  littleleaf,  cuts  can  be 
light  and  spaced  at  least  10  years  apart. 

(2)  When  between  10  and  25  percent  of  the  trees  show  unmistakable  little- 
leaf, cut  on  at  least  a  7-year  cutting  cycle,  cutting  all  diseased  or 
suspected  trees  at  each  cut. 

(3)  Where  more  than  25  percent  of  the  trees  show  littleleaf,  cut  all  short- 
leaf  pine  as  soon  as  practicable  from  the  standpoint  of  merchantability, 
since  such  stands  are  likely  to  deteriorate  very  rapidly  once  one-fourth 
of  the  trees  are  obviously  diseased. 

With  the  harvesting  of  present  littleleaf  stands,  the  question  arises  as  to  future 
prospects  for  shortleaf  pine  on  the  same  sites.   Because  the  disease  is  associated  with 
soil  conditions  that  cannot  be  greatly  changed  except  over  long  periods  of  time,  succeed- 
ing crops  of  shortleaf  pine  may  be  expected  to  fail  at  the  same  or  even  at  an  earlier 
age.  However,  since  many  of  these  sites  provide  satisfactory  yields  of  pulpwood,  they 
may  be  managed  on  short  rotations  without  undue  interference  from  this  disease. 
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Soil  improvement  has  been  suggested  as  one  means  of  combating  littleleaf .   This 
can  be  accomplished  by  encouraging  hardwoods,  especially  such  species  as  dogwood,  yel- 
low-poplar, and  hickory,  which  are  known  to  improve  soils.   Hardwoods  are  more  effec- 
tive than  pine  in  building  humus.  Metz  (7)  lists  the  common  Piedmont  hardwoods  by 
their  yield  of  nitrogen,  calcium,  and  magnesium  from  the  foliage.   Practically  all  hard- 
woods return  more  nitrogen,  calcium,  and  other  elements  to  the  soil  than  pine,  and  the 
eventual  change  to  a  greater  proportion  of  broad-leaved  species  in  littleleaf  areas  may 
serve  to  reduce  the  incidence  of  disease,  not  only  by  decreasing  the  number  of  trees 
that  are  susceptible  to  attack,  but  also  by  providing  more  favorable  growth  conditions 
for  the  existing  pine.   However,  any  effect  on  pine  would  be  on  future  stands,  and 
those  older  individuals  now  occupying  the  site  could  scarcely  be  expected  to  benefit 
immediately  by  conversion  to  hardwoods. 

Loblolly  pine  on  severe  littleleaf  sites  is  approximately  one-third  as  suscep- 
tible as  shortleaf  and  should,  therefore,  be  favored  wherever  possible.  Also,  other 
pines,  such  as  Virginia,  pitch  or  longleaf  should  be  encouraged,  where  feasible,  in 
order  to  build  up  fba   percentage  of  resistant  or  immune  species  in  future  stands. 

Littleleaf  will  continue  to  present  a  hazard  to  shortleaf  pine  production  on 
sites  where  it  now  occurs.  After  cutting  has  been  adjusted  to  prevent  loss  of  the  pre- 
sent crop,  little  can  be  done  to  insure  successive  crops  of  pine  free  from  disease.  Ex- 
cept on  the  worst  littleleaf  sites,  shortleaf  and  loblolly  can  be  managed  as  a  short 
rotation  crop,  the  disease  hazard  predictable  from  the  performance  of  the  present 
stands. 

Older  Stands  that  Have  Remained  Healthy 

Within  the  littleleaf  belt  there  are  numerous  stands  that  have  remained  healthy 
up  to  kO   or  50  years  of  age  or  were  healthy  at  the  time  of  harvest.   Such  sites  pre- 
sent little  hazard  from  littleleaf  and  can  be  managed  on  the  basis  of  normal  shortleaf 
stands  outside  the  littleleaf  belt. 

Succeeding  generations  of  pine  on  these  sites  should  be  free  from  littleleaf  be- 
cause soil  conditions  that  predispose  the  species  to  attack  probably  are  unfavorable  for 
damaging  activity  of  the  root  parasite. 

Healthy  Stands  up  to  kO   Years  of  Age 

The  delayed  onset  of  littleleaf  in  many  stands  and  its  increased  prevalence  in 
the  30  to  50-year  age  classes  make  it  difficult  to  predict  the  future  of  young  stands 
in  respect  to  the  disease.  However,  the  soil  and  site  studies  already  described  offer 
a  means  of  measuring  the  relative  hazard  for  different  stand  conditions.  Another  indi- 
cator of  the  disease  hazard  is  the  growth  response  of  individual  trees.   Stands  in 
which  littleleaf  may  eventually  develop  usually  show  an  uneven  growth  response  of  in- 
dividual trees  as  the  threshold  of  age  for  symptom  expression  is  approached.  Any  stand 
not  yet  showing  littleleaf  symptoms  should  be  considered  suspicious  if  bushy,  stunted, 
yellowish-green  trees  develop  among  the  more  normal  individuals.   This  unevenness  of 
growth  between  dominant  and  codominant  trees  is  probably  the  result  of  root  injury  that 
eventually  leads  to  littleleaf. 

Examination  of  soil  conditions  under  young  stands  offers  a  means  of  predicting 
the  potential  littleleaf  hazard.   Sites  rating  over  75  on  the  littleleaf  hazard  rating 
scale  should  remain  relatively  free  of  littleleaf  indefinitely.   Those  rating  from  5O 
to  75  niay  develop  light  to  moderate  littleleaf  after  they  are  30  years  of  age.   Stands 
originating  on  badly  eroded  sites  having  heavy  exposed  subsoil  must  be  considered  poor 
risks  from  littleleaf  at  an  early  age. 

After  the  littleleaf  hazard  for  a  given  stand  has  been  determined,  management 
plans  can  be  more  accurately  charted.   Under  such  plans  littleleaf  sites  would  be  used 
largely  for  short-rotation  products  such  as  pulpwood. 
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Recently  Abandoned  Fields  and  Areas  in  Need  of  Planting 

There  are  thousands  of  acres  of  abandoned  farm  land  within  the  littleleaf  belt, 
many  of  which  will  reseed  naturally,  mainly  with  shortleaf  pine.   Eventually  thousands 
of  acres  more  may  be  retired  from  cultivation;  on  these  areas  and  on  poorly  stocked 
forest  land,  there  arises  the  question  of  the  best  species  to  favor  in  planting  pro- 
grams. For  many  reasons  loblolly  pine  has  been  the  preferred  species  for  planting. 
Particularly  because  of  the  danger  from  littleleaf,  several  States  have  practically 
discontinued  the  production  of  shortleaf  pine  in  their  forest  tree  nurseries. 

Experience  has  shown  that  loblolly  pine  is  much  more  severely  damaged  by  ice 
than  shortleaf  throughout  the  littleleaf  belt.   Damage  in  some  instances  has  been  so 
serious  as  to  cast  doubts  on  the  wisdom  of  planting  loblolly  in  those  parts  of  the 
Piedmont  where  severe  ice  storms  are  frequent. 

By  the  use  of  the  littleleaf  hazard  rating  scale,  the  expected  performance  can 
be  estimated  with  respect  to  littleleaf  of  shortleaf  pine  on  any  site.   Little  risk 
would  result  from  planting  shortleaf  on  sites  with  a  rating  of  over  75  on  the  scale. 
Likewise,  shortleaf  would  be  expected  to  do  well  up  to  30  to  50  years  on  sites  with 
a  rating  between  50  and  75  on  the  scale.   Sites  with  a  rating  below  50  would  be  con- 
sidered too  hazardous  because  of  littleleaf  to  warrant  planting  shortleaf  pine. 

The  foregoing  should  not  be  considered  a  blanket  recommendation  on  sites  for 
planting  shortleaf  pine.   However,  in  arriving  at  a  decision  on  what  to  plant,  little- 
leaf should  not  be  the  deterrent  factor  in  discriminating  against  shortleaf  on  the 
better  sites.   In  view  of  the  ever  present  threat  of  recurring  ice  damage  to  loblolly 
throughout  much  of  the  littleleaf  belt,  species  selection  for  planting  deserves  care- 
ful attention. 

The  major  aspects  of  shortleaf  pine  silviculture  in  the  littleleaf  belt,  as 
determined  by  12  years  of  research  and  experience,  may  be  summarized  as  follows: 

(1)  How  to  recognize  a  littleleaf  site.--A  rough  estimate  of  the  littleleai" 
potential  of  an  area  can  be  obtained  by  noting  the  location  of  the  area  with  respect 
to  the  littleleaf  belt  (fig.  l)  and  the  soil  series  (table  2).  A  refinement  of  this 
estimate  can  be  obtained  by  the  use  of  the  field  guide  to  littleleaf  hazard,  which  Is 
based  on  measures  of  internal  drainage  and  erosion  (fig.  3)* 

(2)  How  to  manage  timber  on  a  littleleaf  site. — If  a  site  currently  supports  a 
diseased  stand,  cutting  schedules  are  offered,  depending  upon  littleleaf  severity. 

The  cutting  of  such  declining  trees  reduces  mortality  both  from  littleleaf  and  from 
bark  beetles,  which  often  build  up  in  stands  supporting  many  diseased  trees.   These 
salvage  cuts  should  also  be  aimed  at  increasing  the  component  of  other  pine  species, 
redcedar,   and  the  soil-building  hardwoods  such  as  yellow -poplar,  dogwood,  and  hickory. 

Where  special  values  are  involved,  the  use  of  fertilizers  may  be  justified. 
Inorganic  fertilizers  high  in  nitrogen  (at  the  rate  of  at  least  25O  pounds  of  N  per 
acre)  have  proved  very  effective  in  preventing  littleleaf  among  the  healthy  trees  on  a 
littleleaf  site  and  also  in  inducing  recovery  in  trees  with  early  symptoms.   A  ferti- 
lizer composition  of  5-10-5  at  the  rate  of  1  ton  per  acre,  plus  750  pounds  of  ammonium 
sulfate  per  acre,  will  arrest  the  decline  of  many  littleleaf  stands  for  several  years. 

(3)  How  to  manage  shortleaf  pine  on  non-littleleaf  sites  in  the  Piedmont. — When 
the  use  of  the  littleleaf  distribution  map,  knowledge  of  soil  series,  or  use  of  the 
littleleaf  field  guide  and  stand  characteristics  indicates  little  danger  from  little- 
leaf, shortleaf  pine  may  be  safely  grown  to  an  age  of  60  to  80  years  and  perpetuated  in 
succeeding  generations  by  accepted  methods  of  regeneration  (6) .   This  holds  for  most  of 
the  Piedmont  and  for  many  upper  Coastal  Plain  soils  other  than  those  of  alluvial  or 
colluvial  origin. 
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NATUEAL  REGENERATION  OF  LOBLOLLY  PINE  IN  THE  SOUTHEASTERN  COASTAL  PLAIN 

By 
Robert  D.  McCulley    , 


Loblolly  pine  timber  makes  up  the  largest  part  of  the  southern  soft- 
wood timber  supply.   Within  its  range  from  New  Jersey  to  Texas  this  species 
is  the  source  of  raw  material  for  most  of  wood-using  industry,  and  after 
harvest  much  of  the  land  from  which  these  trees  are  cut  is  left  in  need  of 
reproduction  to  maintain  a  continuously  productive  forest.   When  these  areas 
fail  to  seed  in  promptly  to  pine  they  aggravate  the  hardwood  problem.   They 
reduce  future  yields  where  an  insufficient  stand  of  reproduction  develops. 
Dollar -wise  these  failures  and  partial  failures  represent  an  annual  loss 
which  conservative  figuring  places  in  the  millions.   Therefore,  successful 
bridging  of  the  gap  between  harvest  of  the  old  and  establishment  of  the  new 
stand  is  big  business  and  worthy  of  concentrated  attention  from  foresters 
and  landowners  alike. 

The  obvious  remedy  is  planting.   However,  practical  considerations 
limit  planting  to  a  partial  solution  at  best.   Of  immediate  importance  is 
the  time  required  to  build  up  nursery  capacity  for  such  a  tremendous  under- 
tak.ing.  A  serious  obstacle  is  the  reluctance  of  many  landowners  to  invest 
in  planting  when  examples  of  successful  natural  seeding  are  common.   Taking 
into  consideration  these  factors  and  others,  a  realistic  appraisal  must 
reach  the  conclusion  that  both  planting  and  natural  seeding  will  be  used  to 
reproduce  cut overs  in  loblolly  pine,  and  that  we  need  to  know  how  to  handle 
both  successfully.   The  purpose  of  this  paper  is  to  summarize  some  of  the 
recent  research  in  the  Southeast  which  can  contribute  to  the  successful  use 
of  natural  seeding.   Details  regarding  most  of  the  practices  mentioned  can 
be  obtained  from  publications  listed  in  the  bibliography. 


SEEDING  CHARACTERISTICS  OF  LOBLOLLY  PINE 


The  seed  supply  is  of  first  importance  in  reproduction  cutting 
because  insufficient  seed  is  certain  to  produce  fail^lre.   The  required 
amount  varies  tremendously  from  place  to  place,  depending  on  the  condition 
of  the  surface  on  which  the  seed  falls.  But  where  this  seedbed  is  favor- 
able and  where  losses  from  birds  and  rodents  have  not  been  large,  a  minimum 
of  25,000  sound  seeds  per  acre  has  been  required  to  produce  a  satisfactory 
stand  of  seedlings.   The  seedbed  conditions  on  many  tracts  after  logging 
will  push  this  requirement  up  to  50_,000  so\md  seeds  or  more. 


In  good  seed  years  a  matiire  stand  will  furnish  this  much  seed  and 
often  several  times  this  much.  A  70-year-old  unthinned  sawtimber  stand  in 
North  Carolina  produced  26o,000  sound  seeds  per  acre  in  1936,  and  a  90-year- 
old  unthinned  stand  in  the  same  state  eq.ualled  this  production  in  19^7* 
However;  poor  seed  years  are  about  as  likely  to  occur  as  good  ones,  and  in 
poor  years  the  stands  noted  above  produced  13,000  and  28^000  sound  seeds 
per  acre.   Size  and  condition  of  the  timber  were  ideal  for  seed  production 
in  these  tracts.  A  more  typical  50-year-old  sawtimber  stand  in  coastal 
Virginia  produced  20,000  sound  seeds  in  1951;  which  was  rated  as  a  good 
year  in  that  locality.   It  can  easily  be  seen^  therefore,  that  because  of 
the  class  of  timber  or  the  general  level  of  cone  crop,  years  are  common  in 
which  four,  six,  or  eight  seed  trees  will  produce  less  seed  than  is  needed 
and  entire  stands  just  reaching  sawtimber  size  will  often  fail  to  do  so. 

Because  seed  is  commonly  the  critical  item  in  regeneration, 
characteristics  of  individual  trees  which  indicate  large  seed-bearing  ca- 
pacity may  provide  valuable  guides  to  marking  practice.   The  best  evidence 
of  a  tree's  ability  to  produce  seed  has  been  found  to  be  the  presence  of 
old  cones  in  the  crown  --  the  more  old  cones  the  greater  assurance  of 
fruitfulness.  Cones  of  loblolly  pine  remain  on  the  tree  for  as  long  as  3 
years  after  they  open,  thus  providing  a  key  to  productivity  even  when  the 
current  crop  is  poor.  Another  usefiil  but  less  reliable  indicator  of  the 
capacity  to  produce  cones  is  trunk  diameter.   Trees  ik   inches  in  diameter 
or  larger  which  have  old  cones  in  the  crown  are  the  major  seed  producers 
and  may  be  selected  as  seed  trees.   If  seed  is  to  be  obtained  from  strips 
or  blocks  of  uncut  timber  or  from  a  heavy  residual  stand  as  in  selection 
cutting,  recognition  of  the  fruitfulness  of  individual  trees  is  not  such  a 
critical  factor  as  when  seed  trees  must  be  chosen.   However,  familiarity  with 
characteristics  of  desirable  cone-bearers  is  usioally  helpful  when  timber  is 
marked  for  any  type  of  reproduction  cutting. 

The  usual  time  of  seedfall  and  related  matters  often  have  a  bearing 
on  forest  practice,  particularly  on  the  timing  of  seedbed  preparation. 
Loblolly  cones  open  on  the  trees  in  the  latter  half  of  October  or  first  part 
of  November,  depending  on  the  weather  and  the  latitude  where  they  develop. 
A  general  rule  for  flight  of  pine  seed- -that  the  effective  seeding  distance 
is  within  twice  the  height  of  the  seed  tree- -seems  to  apply  very  well  to 
loblolly.   Most  of  the  seeds  fall  shortly  after  the  cones  first  open,  and  by 
the  end  of  December  only  about  15  percent  are  left.   These  continue  to  be 
released  through  the  winter  and  early  spring.   Therefore,  practically  all 
the  seed  from  the  stand  is  on  the  ground  for  several  months  before  germina^ 
tion  begins. 


SEEDBED  REQUIREMENTS 


Next  in  importance  to  an  adequate  supply  of  seed  is  a  favorable 
sirrface  on  which  the  seed  can  germinate.   Mineral  soil  has  been  found  to 
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be  the  best  seedbed  for  loblolly  pine  in  a  number  of  special  studies.  A 
check  of  this  conclusion  on  several  hundred  acres  of  cutover  areas  in  the 
Bigwoods  Experimentgil  Forest^/  shoved  that  9  seeds  produced  a  seedling  the 
first  year  vhere  the  litter  had  been  disturbed  and  that  over  kO   vere  re- 
q^uired  on  undisturbed  areas  or  slash  piles.  Where  the  litter  emd  slash 
had  been  burned  off  before  seedfall,  15  seeds  were  needed  to  produce  a 
seedling.   The  condition  of  the  seedbed  is  therefore  indicated  quite  readily 
by  the  proportion  of  the  surface  which  has  been  disturbed  to  mineral  soil. 
Fifty  percent  disturbance,  well  distributed,  has  permitted  satisfactory 
stocking  of  reproduction  on  the  cutting  blocks  sampled. 

Some  tracts  will  not  be  scarified  enough  through  skidding,  either 
becaiise  the  volume  to  be  removed  is  small  or  becaiise  the  logs  are  lifted 
off  the  gro\md.   Other  areas  will  have  such  a  poor  seed  source  that  effi- 
cient use  must  be  made  of  all  that  is  available.   Varioiis  means  of  improv- 
ing the  seedbed  on  these  tracts  are  being  used  effectively  under  a  variety 
of  conditions.   These  are  combined  operations  in  which  the  competition  from 
inferior  species  is  reduced  at  the  same  time  the  surface  of  the  soil  is 
disturbed. 

Where  competing  stems  are  small  (under  6  inches  in  diameter)  a 
crawler  tractor  pulling  a  bush-and-bog  disk  harrow  can  cover  an  acre  per 
hour  of  operation  as  a  prelogging  treatment  (fig.  l).  The  same  equipment 


Figure  1. --Scarification  tefore  logging  to  improve  seedbed  conditions  and  reduce  com- 
petition. A  stump  is  dragged,  behind  the  disk  to  increase  disturbance  of 
the  litter  and  root  mat. 


17  Maintained  by  the  Southeastern  Forest  Experiment  Station  in  coopera- 
tion with  Camp  Manufacturing  Company,  Inc.,  Franklin,  Va. 
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is  not  so  effective  after  logging  because  the  stumps  may  hang  up  the  tractor 
or  break  disks,  and  slash  concentrations  must  be  avoided.   Where  larger  com- 
peting stems  are  abundant,  especially  on  areas  which  several  years  before 
failed  to  reproduce  successfully,  a  bulldozer  has  been  used  to  clear  about 
half  an  acre  per  hour  (fig.  2).   Stumps  offer  less  trouble  for  this  machine 
after  logging.   Techniques  for  the  use  of  fire  in  the  coastal  plain  have 
been  developed  for  application  both  before  and  after  logging  but  its  use  is 
restricted  to  localities  in  which  weather,  fuel  types,  method  of  majiagement, 
distribution  of  ownership,  and  public  policy  are  relatively  favorable. 
Under  the  proper  circumstances  fire  has  been  cheap  and  effective.   Regard- 
less of  whether  seedbed  prepaxation  consists  of  burning,  disking,  or  bull- 
dozing, it  must  be  done  before  seedfall  lest  the  treatment  destroy  or  bury 
the  seed  (fig.  3)-   Winter  logging  also  probably  destroys  some  of  the  seed 
on  the  ground,  but  the  extra  supply  from  the  whole  stand  more  than  makes  up 
for  this  loss. 


COORDINATING  SEED  SUPPLY  WITH  SEEDBED  CONDITION 


Successful  regeneration  is  dependent  to  a  large  extent  on  occurrence 
of  adequate  seeding  when  the  seedbed  is  right.   If  seed  comes  a  year  late, 
rapid  deterioration  of  the  seedbed  may  reduce  its  effectiveness.   In  coastal 
North  Carolina  disturbed  seedbeds  between  one  and  two  years  old  have  pro- 
duced only  a  third  as  many  seedlings  from  a  given  amount  of  seed  as  those 
less  thaji  1  year  old.   Only  one-tenth  as  many  seedlings  were  produced  on 
areas  scarified  2  years  before  they  were  seeded.   Competitive  sprout  growth 
adds  to  the  difficulty  of  establishing  reproduction  after  the  first  seedfall 
has  gone  by.   Therefore,  practical  methods  of  bringing  together  a  good  cone 
crop  ajid  a  favorable  seedbed  should  be  effective  aids  to  successful  repro- 
duction cutting. 


Use  of  Cone  Crop  Forecasts 


Advance  notice  of  the  size  of  the  next  cone  crop  can  be  used  under 
some  c ire  instances  to  produce  a  favorable  combination  of  seed  supply  and 
seedbed  conditions.   Cone  crop  estimates  are  being  obtained  long  before 
seedfall  by  majiy  of  the  state  forest  tree  nurseries  as  part  of  their  cone 
collection  activities.   In  each  of  the  past  2  years  the  North  Carolina  ajid 
Virginia  State  Forest  Services  have  cooperated  in  making  a  cone  crop  fore- 
cast for  the  coastal  plain  a  year  before  the  cones  were  due  to  ripen,  by 
counting  conelets  on  samples  from  trees  cut  on  logging  operations.   Others 
may  be  obtaining  similar  information.   Although  wide  dissemination  of  these 
predictions  has  not  been  practiced  in  the  past  because  the  reliability  of 
methods  was  imder  test,  interested  landowners  can  count  on  better  guides 
to  the  size  of  future  seed  crops  as  more  experience  is  gained  in  the  use  of 
forecast  methods. 

-  k   - 


Figure  2. — Ideal  seedbed 
conditions  produced  by 
bulldozer. 
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Figure  3. — Effect  on  seedling  establishment  of  time  of  scarification  and  intensity 
of  burn  in  relation  to  seedfall.      Data  on  burning  are  from  Chaiken   (l). 
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The  use   of  this  information  may  be  found  essentisLl  to  successful 
seedbed  preparation  in  some  localities.   It  may  also  influence  cutting 
schedules.  In  fact,  some  landovners  now  plan  to  cut  only  when  a  good  cone 
crop  is  in  prospect.  There  is  no  better  solution  to  the  problem  of  seed 
supply  on  tracts  having  poorly  stocked  stands  of  pine  where  there  is  severe 
brush  or  hardwood  competition.  However,  all  cutting  can't  be  scheduled  for 
good  seed  years,  because  industry  needs  wood  every  year  and  at  all  seasons 
and  a  large  part  of  it  must  come  frotn  reproduction  cuttings.  Advance 
notice  of  the  size  of  the  next  seed  crop  is  often  xiseful  but  should  be  con- 
sidered only  one  of  several  aids  to  more  successful  reproduction  cutting. 


Stimulating  Seed  Production  Through  Release 


Planned  cutting  in  a  good  seed  year  will  increase  the  chances  for 
successful  reproduction  on  some  of  our   forested  axjreage.   On  most  of  the 
rest,  means  must  be  iised  to  obtain  better  seed  supplies  than  will  occur 
naturally.  Research  with  a  number  of  species  has  indicated  that  injury  to 
the  bole  or  applications  of  fertilizer  may  be  practical  ways  of  doing  this, 
and  limited  trials  have  shown  some  promise  for  the  success  of  these  treat- 
ments on  loblolly  pine.  However,  the  resiilts  obtained  with  these  methods 
have  been  so  overshadowed  by  the  results  obtained  from  crown  release  that 
crown  release  must  be  considered  by  fax  the  best  possibility  for  immediate 
practical  application. 

The  fact  that  loblolly  and  other  pines  build  up  cone  production 
after  they  have  been  isolated  by  cutting  is  not  a  new  discovery  at  all. 
References  to  this  reaction  are  common  in  the  literature.  The  increase  in 
number  of  cones  produced  has  been  attributed  to  a  build-up  of  crown  size 
and  perhaps  stored  food  reserves  over  relatively  long  periods  such  as  5  or 
10  years.   Observations  during  the  past  5  years,  however,  have  shown  that 
the  relationship  between  treatmyent  and  increased  cone  production  is  much 
more  direct,  is  not  based  primarily  on  greater  crown  size,  and  will  operate 
in  generally  poor  seed  years  as  well  as  in  good  ones  (table  l).  These 
facts  can  be  of  tremendous  in^jortance  in  the  development  of  more  reliable 
methods  of  reproduction  cutting. 

Release  has  caused  as  much  as  twenty  times  normal  seed  production 
on  large  overmatxare  seed  trees.  It  has  doubled  production  on  trees  of 
minimum  cone-bearing  size  in  a  generally  poor  seed  year.   Its  effects  have 
been  observed  on  loblolly  pine  in  Virginia,  North  Carolina,  South  Carolina, 
and  Georgia,  on  longleaf  pine  in  Alabama,  and  perhaps  elsewhere  within  the 
rsuage  of  loblolly.  No  instance  is  known  in  which  release  has  failed  to 
increase  loblolly  pine  cone  production  and  increase  it  substantially  in  the 
first  crop  year  that  could  be  affected.  Also,  the  effects  last  more  than 
1  year;  certainly  for  2  years  at  a  mRyiTmnn  level,  and  probably  for  a  third 
year  at  a  lower  level.  These  observations  justify  the  conclusion  that 
release  of  crowns  is  capable  of  providing  enough  extra  seed  to  permit  suc- 
cessful reprodiKxtion  cutting  in  a  generally  poor  seed  year,  and  that  the 
effects  last  long  enoiigh  to  allow  considerable  flexibility  in  cutting  plans 
which  include  preharvest  release  as  pairt  of  the  regeneration  cycle. 
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Table  1. --Indexes  of  seed  production  from  uncut  stands  in  the 
Blgvoods  Experimental  Forest  compared  vith  those  for 
released  seed  sources,  using  a  bumper  crop  (19^7)  as 
the  base  for  comparison 


Total  seed 

yield  l/ 

Year 

Unreleased  stands 

Released  so\irces  2/ 

.     #1         ;      #2 

#3       ;    #^ 

19^7 

100 

100 

Indexes 
3/ 

100 

3/  100 

19i^8 

17 

17 

110 

106 

19^9 

li+ 

11 

137 

131 

1950 

i+2 

54 

168 

73 

1951 

GG 

65 

238 

1952 

29 

50 

196 

245 

1/  Includes  those  empty  and  damaged  seed  which  fell  from 

cones. 
2/  One  foiorth  of  stand  in  leave  strips  or  scattered  seed 

trees  --8  per  acre. 
3/  Unreleased  19^7  production  as  base. 


One  characteristic  of  southern  pine  cone  formation  must  be  kept  in 
mind  when  any  method  of  sttmu-lating  seed  production  is  under  consideration. 
More  than  2  years  are  required  for  a  loblolly  pine  cone  to  mature^,  so  the 
response  to  any  stimulus  is  certain  not  to  affect  the  niomber  of  cones  in  the 
succeeding  two  cone  crops  (fig.  4).   Stands  partially  cut  during  the  growing 
season  therefore  show  the  effect  of  release  in  the  third  or  foiurth  crop 
after  cutting,  depending  on  whether  release  came  early  or  late  in  the  season 
(fig.  5).   The  critical  period  seems  to  occur  in  late  June  or  early  July, 
probably  varying  somewhat  from  year  to  year.   It  is  safe  to  count  on  etn  in- 
crease in  the  third  succeeding  cone  crop  if  the  trees  are  released  before 
the  end  of  May. 

The  exact  amount  of  release  required  has  not  been  determined.   In 
the  one  closely  controlled  study  which  has  been  completed,  the  space  cleared 
around  each  released  tree  was  equal  to  2^  to  3  times  its  crown  width,  pro- 
ducing a  cleared  area  averaging  about  i+0  feet  in  diameter  with  the  tree  at 
the  center.   Less  complete  release  provided  by  a  general  improvement  cut  has 
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Figure  4. --Release  before  June,  as  con^jared  with  release  after  July,   brings  a  stimu- 
lated seed  crop  one  year  earlier. 


Figure  5- — Two  conelets  as  they 
appear  in  April  a  year  and  a  half 
before  they  ripen.   Release  at 
this  stage  comes  almost  a  year 
too  late  to  influence  the  size  of 
this  cone  crop. 


been  observed  to  stimiilate  many  of 
the  trees  left.   In  practice^  if 
individual  trees  are  selected  for 
release  it  is  probably  sufficient 
to  cut  enough  competitors  so  there 
is  a  10-foot  space  forccrown  ex- 
pansion on  all  sides  (fig.  6).   If 
release  is  planned  through  a  general 
partial  cut  any  method  of  cutting 
will  probably  be  satisfactory  which 
produces  an  operable  sawtimber 
volume . 


8 


I 


Figure  6. --Seed  tree  released  three 
growing  seasons  before  removaJ.  of 
the  stand.   A,  crown  free  on  all 
sides.   B,  cleared  area  around 
base  where  cut  averaged  550  board 
feet  per  released  tree. 
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USE  OF  CONTROLLED  REGEKERATION  IN  PRACTICAL  MANAGEMENT 


The  use  that  can  be  made  in  practical  management  of  available  infor- 
mation about  seed  supplies  and  seedbed  requirements  will  be  influenced  to 
some  extent  by  the  type  of  silvicultxire  used.   Where  selection  management  is 
the  established  policy ;,  variability  in  the  seed  supply  may  be  readily  over- 
come by  cutting  on  a  short  enough  cycle  so  that  freshly  disturbed  seedbed  is 
produced  in  the  openings  in  the  same  years  that  seed  production  is  stimiilated 
on  surrounding  trees.  A  ^-jear   cutting  cycle  should  be  fairly  effective  but 
a  4-year  cycle  would  be  better.   Scarification  of  failed  spots  with  heavy 
equipment  seems  possible  in  this  type  of  forest  but  not  the  use  of  fire. 

The  number  and  size  of  trees  to  leave  in  cuttings  of  the  seed-tree 
type  has  been  under  study  for  as  long  as  this  method  of  reproduction  has  been 
in  use.   Emphasis  has  usually  been  placed  on  determining  the  mini mim  which 
would  give  some  assurance  of  providing  seed.   The  value  of  the  trees  has  been 
considered  comparable  to  a  planting  cost  to  be  carried  as  a  charge  against  the 
reproduction^  although  there  was  hope  that  they  could  be  salvaged  later  on. 
More  precise  information  about  seed  and  seedbed  requirements  has  shown  the 
value  of  additional  seed  trees  to  give  greater  assurance  of  adequate  seeding. 
The  rapid  decrease  in  their  effectiveness  through  seedbed  deterioration  has 
also  suggested  their  prompt  removal  after  reproduction  is  established.   In- 
stead of  the  minimum  requirements  most  often  thought  of  in  the  past,  therefore, 
the  most  effective  and  economically  sound  approach  probably  is  to  plan  for 
enough  sawlog  volume  in  seed  trees  to  provide  an  operable  cut  after  seedlings 
have  been  established.   Eight,  ten,  or  twelve  trees  to  the  acre  can  be  left 
with  this  schedule  of  cutting  in  mind  without  considering  them  a  financial 
loss  and  with  greater  assurance  that  they  will  provide  eno\igh  seed  for  ade- 
quate stocking.   If  these  trees  are  released  by  partial  cutting  3  "to  5  years 
before  the  final  harvest,  the  combination  of  seed  supply  and  seedbed  thus 
provided  is  as  nearly  ideal  as  any  known  under  the  seed-tree  system.   Re- 
moval of  the  seed  trees  after  seedlings  are  established  will  result  in  some 
dajnage  to  the  young  growth,  but  where  the  seedlings  are  1  or  2  years  old  this 
can  be  confined  to  major  tractor  roads  and  loading  areas.   Trees  can  be 
felled  toward  or  away  from  concentration  points  marked  in  advance,  thus  re- 
ducing damage  to  a  minimum.   Larger  seedlings  and  saplings  are  more  brittle 
and  therefore  more  viilnerable.   Possibility  of  drought  losses  dioring  the 
first  year ' s  growth  are  so  great  that  seedlings  should  be  at  least  1  year 
old  before  the  seed  trees  are  taken  off. 

Eight  scattered  seed  trees  have  consistently  produced  more  seed 
than  one -fourth  of  the  stand  in  leave  strips  where  these  types  of  cutting 
have  been  compared  in  North  Carolina.   Yet  strip  cutting  where  stands  are 
iiniform  may  be  used  for  other  reasons.  Methods  of  stimulating  seed  produc- 
tion in  the  leave  strips  would  be  similar  to  the  preharvest  release  of  seed 
trees,  and  timing  of  the  final  cut  the  same. 

During  the  first  years  after  they  are  established,  stands  of  loblolly 
pine  seedlings  are  'vulnerable  to  fire  and  may  be  completely  wiped  out.   In 
the  past,  seed  trees  have  provided  some  assurance  that  a  disastrous  fire 
would  not  leave  a  tract  completely  unproductive.   This  was  not  perfect 
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insurance  by  any  means,  because  a  poor  seed  year  could  easily  coincide  with 
the  year  of  the  fire.  But  in  a  time  of  low  stumpage  values  as  compated 
with  planting  costs,  and  in  the  days  of  commonly  high  fire  risk,  even  par- 
tially effective  insurance  was  essential.  Now  that  stumpage  values  are 
higher  and  fire  risks  lower,  the  justification  for  leaving  insureuice  trees 
is  much  less  clear-cut. 

The  general  principles  regarding  seed  supplies  and  seedbed  condi- 
tions which  will  reduce  the  uncertainty  in  reproduction  cuttings  of  loblolly 
pine  can  be  summarized  as  follows: 

For  all -aged  management 

1.   Harvest  on  a  short  enough  cycle  so  that  seed  production  stimu- 
lated by  release  will  still  be  effective  at  the  time  of  each  cut. 

For  even -aged  management 

1.  Cut  poorly  stocked  or  depleted  stands  in  years  of  generally  heavy 
seed  production. 

2.  Leave  a  relatively  heavy  seed-tree  stand  and  plan  to  harvest  it 
as  soon  as  reproduction  is  well  established. 

3.  Where  stand  conditions  are  suitable,  stimulate  the  seed  source 
through  preharvest  release  3  to  5  years  before  the  reproduction 
cut. 

k.      If  local  policy  and  experience  are  favorable,  use  scarification 
equipment  or  fire  where  seed  supplies  are  likely  to  be  inadeq^imte. 


SEEDLING  ESTABLISHMENT 


The  object  of  all  plans  for  reproduction  cutting  is  a  well-stocked 
stand  of  seedlings  which  are  free  to  grow.  For  most  conditions  of  ownership 
this  means  about  750  seedlings  per  acre,  well  distributed,  with  no  overhead 
competition.   Some  landowners  will  be  satisfied  with  fewer  seedlings  and  some 
will  want  more,  but  750  is  probably  a  fair  average.   However,  initial  estab- 
lishment of  several  thousand  seedlings  per  acre  usually  is  required  to  reach 
this  goal.   Uneven  distribution,  losses  from  various  causes,  and  competing 
vegetation  all  reduce  the  effectiveness  of  the  total  n\imber  first  established. 

By  far  the  most  common  problem  encoimtered  is  the  competition  from 
resid\aal  hardwoods  and  hardwood  sprouts  (fig.  7)-  The  larger  residuals  re- 
duce the  effectiveness  of  the  seedling  stsmd  throiigh  competition  for  light 
and  moisture  and  also  by  acting  as  a  physical  batrrier  to  nomial  height 
growth.  They  reduce  the  area  available  for  production  of  pine  by  approxi- 
mately the  area  iinder  their  crowns.   It's  not  unusual  for  this  reduction  to 
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Figure  7. --Heights  of  loblolly  pine  seedlings  1  to  5  yeaxs  old  in  the  Bigwoods  Experi- 
mental Forest  growing  tmder  3  conditions  of  overhead  shade.   Shade  from  competitors 
^-inch  d.h.h.  and  larger  classified  on  0.01-acre  plot  immediately  after  harvest  of 
pine  stand--seedling  measured  was  tallest  found  on  central  0.001-acre  plot  at  the 
end  of  each  growing  season. 

be  as  much  as  a  fourth  of  the  growing  space.   Liberation  of  seedlings 
from  these  larger  competing  stems  can  be  accomplished  through  girdling, 
or  poisoning  with  2-k-^,'J!   or  Ammate.   Recovery  of  seedlings  thus  liberated 
has  been  rapid  (fig.  8).   Even  those  which  have  been  suppressed  for  long 
periods  q^uickly  build  up  nonnal  crowns  and  begin  rapid  height  growth. 

Smaller  competing  stems  can  be  hauidled  most  effectively  by  methods 
which  also  prepare  the  seedbed.   Logging  itself  may  reduce  the  hardwood 
cover  effectively  in  many  instances.   If  there  is  no  delay  in  their  estab- 
lishment^ pine  seedlings  usually  compete  successfully  with  sprouts  from 
hardwoods  that  are  cut  or  broken  off ,  or  killed  back  to  the  ground.   In 
general,  sprouts  from  red  maple  and  sweetgum  are  more  serious  competitors 
than  those  from  the  oaks.   Usually  by  the  end  of  their  fifth  year  and  often 
sooner  the  success  or  failure  of  pine  seedlings  in  overcoming  competition 
becomes  obvious.  Where  help  must  be  provided,  it  can  be  given  by  severence 
of  competing  stems  or  by  treatments  with  chemicals. 
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CONCLUSION 


Forest  managers  who  use  the  aids  to  successfiil  reproduction  cutting 
discussed  in  this  paper  will  have  to  give  a  little  more  than  average  atten- 
tion to  thorough  planning,  careful  supervision,  and  the  details  of  intensive 
management.   HeaAry  expense  is  not  involved.   Nevertheless,  a  period  of  trial 
is  needed  during  which  the  results  of  more  careful  work  accumulate  to  justify 
whatever  extra  costs  there  are.   Numerous  examples  show  that  too  little 
attention  to  the  requirements  for  reproduction  can  lead  to  reduced  yields 
and  expensive  rehabilitation  projects.   More  examples  of  intensive  practice 
are  needed  to  emphasize  the  importance  of  keeping  pine  timberlands  in  good 
growing  condition. 


Figure  8. --Heights  of  seedlings  2  to  5  years  old  in  the  Bigwoods  Experimental  Forest 
with  and  without  liberation  from  overstory  hardwoods  k   inches  and  larger. 
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'TREE  PLACING  AT  THE  BENT  CREEK  EXPERPIEIITAL  FOREST 

by 

John  C.  Barber 


INTRODUCTION 


Foresters  everyvhere  are  beconiing  increasingly  conscious  of  the 
potentialities  of  tree  selection  and  breeding.   In  the  quest  for  suitable 
breeding  material;,  many  of  the  plantations  of  the  past  are  assum.ing  impor- 
tance, for  each  plantation  of  introduced  species  may  provide  information 
on  its  adaptability  to  a  certain  area  and  the  desirable  and  undesirable 
traits  which  it  may  manifest  in  its  new  environment. 

One  group  of  such  plantations  is  on  the  Bent  C'ree'k   Experimental 
Forest  near  Asheville,  in  Buncombe  County,  North  Carolina.   The  Bent  Creek 
Arboretum  originally  contained  53  species  on  69  plots.   Many  of  these  trial 
plantings  failed,  and  several  were  destroyed.   At  present  the  area  contains 
32  species  on  kk   plots.   Tliere  were  11  native  species  planted,  25  species 
from  other  regions  of  the  United  States,  and  I7  species  from  Europe  and 
Asia.   Seeds  for  some  of  the  exotic  plantings  were  obtained  from  planted 
trees  in  the  United  States  and  Canada.   The  plots  are  grouped  on  an  area  of 
about  10  acres  along  Bent  Creek.   Several  informal  examinations  have  been    , 
made  of  these  plantings  but  no  formal  report  has  been  presented  since  1932 — ' 
Thus,  the  development  of  these  plots  has  not  been  systematically  recorded; 
nor  have  they  received  optimum  release  and  thinning  in  many  cases. 


HISTORY  OF  THE  ARBORETUM 


The  Bent  Creek  Arboretum  was  begun  informally  in  I926  by  F.  W.  Haasis, 
who  made  eight  small  plantings  of  seedling  trees  from  seed  of  various  sources 
outside  the  region.   In  1927,  I.  H.  Sims  continued  the  work  with  the  estab- 
lishment of  15  additional  plots.   During  these  first  years  there  was  no  formal 
plan  of  development,  and  the  plots  established  were  marked  with  temporary 

17  Bradshaw,  D.  E.  and  E.  H.  Bomberger.   Examination  of  Bent  Creek  planta- 
tions.  Southeastern  Forest  Expt.  Sta.,  unpublished  office  report,  1932. 


wooden  corners  only.   In  the  spring  of  I928  A.  L.  MacKinney  established 
eight  more  plots  and  marked  them  with  permanent  iron  stakes  at  the  corners. 
He  set  out  twenty-two  additional  plots  in  1929  and  I3  in  1930*   The  final 
plantings  in  this  series  were  made  in  1931^  with  the  establishment  of  three 
small  plots  and  the  replanting  of  several  plots  which  had  failed. 

A  complete  record  of  all  plots  was  made  in  1932,  insofar  as  possible, 
and  a  brief  report  was  prepared.   Subsequent  to  this  1932  report,  the  arbore- 
tum received  little  attention.   There  were  no  further  plantings  until  1950, 
and  during  this  period  no  additional  observations  were  recorded.   In  the 
spring  of  1952,  Dorman  listed  the  species  which  had  been  planted  at  Bent 
Creek.—/  This  listing  raised  questions  about  the  performance  of  exotic 
species  and  species  native  to  the  United  States  but  planted  outside  their 
natural  ranges. 

During  the  late  summer  and  fall  of  1952  all  plots  were  examined  and 
the  surviving  trees  measured.   The  diameters  of  all  trees  were  recorded  and, 
where  possible,  the  heights.   On  many  of  the  plots  the  density  of  the  crowns 
made  complete  and  accurage  height  measurements  impossible,  so  that  for  these 
plots  the  average  height  given  is  based  on  a  selected  sample  of  dominant, 
codominant,  and  intermediate  individuals. 

Throughout  the  arboretum,  which  had  been  established  in  abandoned 
fields,  several  species  of  native  trees  seeded  in.   On  several  of  the  plots 
this  severe  competition  has  made  a  serious  effect  upon  growth  and  mortality 
of  the  introduced  species.   The  faster-growing  and  more  tolerant  conifers 
apparently  were  not  affected  very  much  because  they  were  able  to  close  the 
crowns  rapidly  enough  to  smother  competition  or  prevent  its  establishment. 
The  plantings  were  all  spaced  6  by  6  feet. 


SOIL  AND  CLIMATE  OF  THE  AEBORETUM 


The  soil  in  the  arboretum  is  classed  as  Tate  silt  loam.  This  is  a 
colluvial  soil  occurring  at  the  bases  of  slopes.   Tate  silt  loam  is  a  produc- 
tive soil  with  good  to  excessive  external  drainage  and  good  internal  drainage. 
The  slopes  adjacent  to  the  arboretum  are  of  Halewood  stoney  loam,  steep  phase. 
In  general,  the  Bent  Creek  Arboretum  is  relatively  level,  with  only  small 
slope  variations  on  a  few  plots.  At  time  of  planting,  several  shallow  ditches 
were  cut  to  supplement  natural  drainage. 

The  climate  at  Bent  Creek  can  be  considered  moderate.   Based  on  12 
years  of  weather  observations,  the  average  annual  precipitation  is  approximately 


2/  Dorman,  Keith  W.   Directory  of  forest  genetics  activities  in  the  South. 
Southeastern  Forest  Expt.  Sta.  Station  Paper  17.   17pp.   1952. 
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kk   inches,  with  a  range  of  from  38  to  55|"  inches.   The  average  miniiriuim  tem- 
peratiire  recorded  is  3  degrees  F.;  with  a  range  of  from  -10  degrees  F.  to 
10  degrees  F.   The  average  maximum  temperature  is  9^  degrees  F.,  with  a 
range  from  90  degrees  F.  to  98  degrees  F.   Average  killing  frost  dates  are 
October  I3  to  April  28,  with  ranges  of  September  27  to  November  6,   and 
April  17  to  May  1^4-.   Elevation  of  the  arboretum  is  205O  feet.   Location  is 
Lat.  35°  30'  N.,  Long.  82°  38'  W. 


GROWTH  OF  TREES  IN  THE  ARBORETUM 


On  the  basis  of  the  1952  observations,  the  plantings  may  be  arbi- 
trarily divided  into  three  groups:   successful^  existing  but  unsatisfactory^ 
and  Tonsuccessful.   Table  1  lists  the  plantings  which  have  done  well  and  may 
be  considered  successfiil.   Table  2  lists  the  plantings  which  still  exist 
but  have  not  demonstrated  vigor  or  adaptability  to  the  site  and  are  unsatis- 
factory.  Table  3  lists  those  plantings  which  can  be  considered  failures. 
It  must  be  kept  in  mind  that  this  is  only  one  test  planting  and  that  the 
critical  factors  affecting  success  or  failure  may  be  peculiar  to  this  imme- 
diate area.   The  Bent  Creek  Arboretum  lies  in  a  frost -pocket  which  would 
seriously  affect  frost-sensitive  species.   It  is  subject  to  late  frosts 
which  damage  the  native  species.   Early  reports  indicate  browsing  by  deer 
on  some  plots,  and  present  observations  indicate  damage  has  also  been  in- 
flicted by  deer  rubbing  their  antlers.   The  severe  drought  of  1930  is  re- 
corded as  greatly  affecting  mortality,  but  the  record  made  in  that  year 
does  not  mention  any  species  in  particular. 


PLANTINGS  OUTSIDE  THE  ARBORETU'M 


In  addition  to  the  arboretum  plantings,  several  more  extensive  field 
plantings  were  made  of  a  number  of  specieS;,  both  native  and  introduced.   The 
essential  measurements  on  several  of  these  plantations  are  recorded  in  table 
k.      A  plantation  of  3OO  Pinus  rigida  made  in  I929  has  scattered  survivors  of 
poor  form  and  vigor,  and  is  classed  as  a  failure.   Another  failure  was  a 
plot  of  1200  Abies  balsamea  planted  in  1930.   Early  siirvival  was  very  poor, 
and  in  1952  no  survivors  were  located.   Several  plantations  of  Liriodendron 
tulipifera  were  made,  both  pure  or  in  mixture  with  Juglans  nigra,  Gleditsia 
triacanthos  and  Quercus  alba.   All  of  these  plantations  were  made  where  there 
was  an  abundant  supply  of  native  Liriodendron  seeds.   The  yellow-poplar  is 
present,  but  the  inteimiixing  of  planted  and  volunteer  seedlings  prevents  an 
evaluation  of  these  plots.   The  Juglans  is  recorded  in  table  k   and  Gleditisia 
has  no  survivors.   Because  the  plot  containing  Quercus  alba  was  not  accurately 
located,  no  evaluation  could  be  made;  however,  an  examination  in  1932  records 
88  percent  survival. 
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The  average  figures  of  table  k   are  from  a  selected  sample  of  domi- 
nant and  codominant  individuals  thought  to  be  representative  of  the  poten- 
tial crop  trees  in  each  plantation.  Where  the  plantation  survival  is  ex- 
tremely poor,  only  ma:ximum  individiml  measurements  are  stated,  as  it  would 
be  impossible  to  give  a  valid  average  based  on  such  a  small  sample. 


GROWTH  OF  EED   PINE  FROM  DIFFEREM"  SOURCES 


The  plots  of  Plnus  resinosa  represent  several  seed  soiirces  and  may 
be  considered  as  a  test  along  with  those  of  the  arboretum.   Table  5  lists 
the  comparisons  of  Pinus  resinosa  from  several  seed  sources.  Althoiogh 
variations  between  individual  lots  are  quite  marked,  no  regional  trend  is 
apparent.   However,  with  the  exception  of  the  Cloquet  source,  the  New  Eng- 
land sources  appear  superior,  especially  in  height  growth.   The  Cloquet 
stock  may  owe  its  superiority  to  selection  of  seed  source  and  not  to  geo- 
graphic variability.   The  seed  source  information  is  not  complete  enough  to 
evalioate  this  possibility. 


Table  ^. --Plantings  of  Pinus  resinosa  on  the  Bent  Creek 


Experimental  Forest 

Location 

[   Seed  source 

:  Date  : 

Trees 

;  Siirvival 

:Ave. : 

Max. : 

Ave. 

:Max. 

: plant  ed : plant  ed 

:   1952 

:DBH  : 

DBH  : 

hgt. 

:hgt. 

Year 

No. 

Percent 

Ins. 

Ins. 

Ft. 

Ft. 

Arboretum 

Essex  Jet. ,  Yt 

.   1926 

100 

21 

6.2 

8.4 

32 

38 

Arboretum 

Glenn,  Mirm. 

1926 

100 

19 

5.7 

7-h 

27 

35 

Shut-in  ridge 

Cloquet,  Minn. 

1926 

262 

1-/15 

6.1+ 

9.1 

35 

41 

Shut-in  ridge 

Gerrish,  N.  H. 

1926 

36i+ 

1/   30 

k.Q 

7.7 

31 

ifl 

Arboretum 

Vermont 

1927 

i4o 

27 

7-5 

10.6 

39 

hi 

Arboretum 

Michigan 

1927 

36 

Ik 

7.0 

7.9 

28 

33 

Shut-in  ridge 

Unknown  2/ 

1927 

70 

1/  35 

5.5 

7.0 

35 

ko 

1/  Survival  percentage  estimated  because  some  of  the  plot  boundaries 
could  not  be  accurately  located. 

2/  Planting  stock  from  nursery  at  Mt.  Alto,  Pa. 


RECENT  PLANTINGS  ON  THE  EXPERIMENTAL  FOREST 


In  the  spring  of  1951^  a  field  test  of  Pinus  resinosa  was  instituted 
with  the  planting  of  6OOO  seedlings,  3-0  stock,  produced  from  seed  collected 
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in  1939  on  the  Chippewa  National  Forest,  Minnesota,  at  an  elevation  of 
1300  feet. 

In  19^9^  another  planting  was  made  of  3900  Picea  abies,  2-2  stock, 
as  a  Christmas  tree  plantation.   The  stock  was  furnished  from  the  U.  S. 
Forest  Service  nursery  at  Parsons,  West  Virginia.   To  date,  survival  and 
growth  have  been  good.   Some  harvesting  of  small  trees  should  begin  in  1953* 

Twenty-five  seedlings  of  Metasequoia  glyptostroboides  were  planted 
at  the  Bent  Creek  Experimental  Forest  in  1950.   These  seedlings  were  pro- 
vided by  Mr.  Ralph  W.  Chaney,  of  the  Museum  of  Paleontology,  Berkeley,  Calif. 
The  seeds  were  collected  in  western  Humpeh,  central  China  in  19^8.  At  the 
end  of  three  growing  seasons,  20  seedlings  have  survived  and  have  an  average 
height  of  1.4  feet  with  a  maximum  of  2.8  feet. 

In  1951  a  test  planting  was  made  of  two  pine  hybrids  produced  at 
the  Institute  of  Forest  Genetics,  Placerville,  California.   The  seedlings 
were  transplanted  to  the  field  after  9  months  in  greenhouse  flats.   Plot  B 
was  again  transplanted  at  the  beginning  of  the  third  growing  season  in  the 
field.   Table  6  contains  a  summary  of  the  measurements  of  all  seedlings  at 
the  end  of  two  growing  seasons  in  the  field. 

Table  6. --Survival  and  growth  of  hybrid  pines 


Hybrid  and  parents 


Plot  A 


'  Surviv 


:  hgt. 


Max. 
hgt. 


Plot  B 


'  Survivi 


^2.   '   Ave. 
:  hgt. 


Max. 
:hgt. 


Pinus  rigida  x  Pinus  taeda 

P.  rigida  (parent) 

P.  monticola  x  P.  strobus 

P.  monticola  (parent) 

P.  strobus  (parent) 


Percent 

Ft. 

Ft. 

Perce 

nt 

Ft. 

Ft. 

65 

l.i^ 

2.3 

88 

0.9 

1.8 

67 

(3/) 

100 

.5 

.9 

76 

.4 

.7 

--  ■ 

.  -- 

38 

<3 

.6 

-- 

— 

57 

.h 

.6 

— 

— 

— 

T/  SLirvival  after  2  years  in  the  plantation. 

2/  Survival  1  year  after  second  transplanting,  based  onnumber  transplanted. 
_3/  Trees  not  sufficiently  erect  to  permit  height  measurement. 

It  appears  that  the  hybrid  stock  of  Pinus  monticola  x  Pinus  strobus  is 
not  superior  to  the  native  P.  strobus,  though  it  is  superior  to  its  parents. 
A  cross  is  now  planned  between  native  P.  strobus  from  the  Southern  Appalachians 
and  P.  monticola.   Pollen  for  this  hybrid  has  been  collected  at  the  Bent  Creek 
Experimental  Forest  and  forwarded  to  Placerville  for  breeding  purposes. 
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CONCLUSION 


In  conclusion,  it  appears  that  only  about  ten  introduced  species 
approach  the  native  species  in  vigor  and  growth.   Of  these,  three  seem 
worthy  of  further  investigation.   The  first;,  Chamaeyparis  thyoides,  (see 
figure  l)  is  subject  to  a  root  and  butt  rot  in  the  arboretum,  but  on  other 
sites  it  may  prove  satisfactory.   If  this  disease  is  controllable,  the 
species  may  be  valuable  for  planting  wet  and  poorly  drained  sites.   The 
second  and  third  species  are  Pinus  taeda  (figure  2)  and  Pinus  rigida  var. 
serotina.   These  two  species  are  superior  to  any  other  of  the  test  plant- 
ings and  may  in  themselves  be  valuable  for  planting  or  for  breeding  pur- 
poses in  the  Southern  Appalachians. 

Several  other  species  such  as  Picea  abies,  Picea  glauca,  Pinus 
resinosa  (figure  3),-  Pinus  densiflora,  and  Thuja  occidentalls  (figure  k) 
may  not  be  valuable  for  forest  planting,  but  adaptability  to  the  area  has 
been  demonstrated  to  date,  thus  offering  potential  qualities  for  the 
forest  geneticists  to  consider. 


Figure  1. --Atlantic  white-cedar 
(Chamaecyparis  thyoides),  age 
26  years.   Maximum  height  55 
feet^  maximum  d.b.h.  8.7  in- 
ches. Note  mortality  due  to 
Fomes  annosus. 


Figure  2. --Loblolly  pine  ( Pinus 
taeda);  23  years  old.   Maxi- 
mum height  62  feet,  majcimum 
d.b.h.  l4.1  inches. 
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Figure  3- --Red  Pine  (Pinus  resinosa) ,  26  years  old.  Maximum 
height  47  feet,  maximum  d.b.h.  10.6  inches. 


Figure  U.— Northern  white-cedar  (Thuja  occidentalls),  age  27  years. 
Maximum  height  kl   feet,  maximum  d.b.h.  9.6  inches. 
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GROWTH,  MORTALITY,  AND  REGENERATION 
AFTER  CUTTING  IN  LOBLOLLY  PINE  PULPWOOD  STA^JDS 

by 

T.  A.  McClay 
Santee  Research  Center,  Charleston,  S.  C. 

INTRODUCTION 


The  age  at  which  even-aged  stands  of  loblolly  pine  start  to  show  a 
decrease  in  cordwood  growth  rate  depends  primarily  on  site  and  density  of 
stocking.   For  the  majority  of  pine  pulpwood  stands  in  the  mid-Atlantic 
coastal  region,  MacKinney  and  Chaiken  (h)    show  that  culmination  of  mean 
annual  increment  occurs  between  30  and  ^0  years  of  age.   It  will  occur 
earliest  in  high-density  stands  on  good  sites.   In  a  study  comparing  the 
growth  between  thinned  and  unthinned  loblolly  pine  stands  in  central 
Louisiana,  Mann  (_5)  reports  that  the  greatest  periodic  annual  cordwood 
growth  occurred  in  unthinned  stands  up  to  age  33  on   an  average  site  index 
93*   After  that  age,  heavy  mortality  in  the  merchantable  size  classes  re- 
duced the  growth  below  that  of  the  thinned  stands.   Although  considerations 
such  as  product  objective,  early  thinnings  at  a  net  profit,  or  logging  cost 
as  affected  by  tree  size  may  influence  the  decision,  it  appears  that  when  a 
stand  approaches  about  30  years  of  age,  it  would  be  advisable  to  make  plans 
for  some  type  of  cutting  to  salvage  expected  mortality  and  to  stimulate  the 
growth  rate. 


METHODS  OF  CUTTING 


In  1939,  five  blocks  of  six  0.4-acre  plots  each  were  located  through- 
out the  range  of  loblolly  pine  in  Virginia  and  the  Carolinas.   The  objective 
was  to  test  the  effects  of  six  different  methods  of  cutting  in  even-aged 
stands  of  pine  pulpwood  when  (l)  cutting  pulpwood  as  a  short-rotation  final 
crop  and,  (2)  cutting  pulpwood  as  an  intermediate  crop  in  a  long  rotation 
aimed  at  the  ultimate  production  of  sawtimber,  poles,  and  piling. 


The  short-rotation  cutting  methods  were: 

1.  Seed-tree  cutting  removing  all  trees  5.0  inches 
d.h.h.  and  larger  except  four  seed  trees  9.0 
inches  d.h.h,  and  larger  per  acre.  At  the  time 
of  study  establishment,  the  minimiom  diameter  of 
a  seed  tree  was  considered  to  be  10.0  inches 
d.b.h.  in  Virginia  and  North  Carolina,  and  8.0 
inches  d.b.h.  in  South  Carolina, 

2.  Seed-tree  cutting  removing  all  trees  5.0  inches 
d.b.h.  and  larger  except  12  seed  trees  9.0  inches 
d.b.h.  or  larger  per  acre. 

3.  Two  cut  shelteirvood  (6)  removing  all  trees  5»0 
inches  d.b.h.  and  larger  except  kO   trees  per  acre 
of  the  best  dominants  and  codominantg  after  the 
first  cut. 

The  long-rotation  cutting  methods  were: 

k.     Diameter-limit  cut  removing  all  trees  7.0  inches 
d.b.h.  and  larger. 

5.  Moderate  thinning  from  below  leaving  about  l60 
of  the  best  trees  per  acre. 

6.  Heavy  thinning  from  below  leaving  about  100  of  the 
best  trees  per  acre. 

The  averages  for  each  treatment  showed  a  volume  before  cutting  of  25 
to  35  cords  per  acre,  an  age  of  25  to  30  years  and  a  site  index  (average 
height  of  dominant  and  codominant  trees  at  50  years)  of  75  "to  85  feet.   Two 
plots  were  well  out  of  this  range  and  were  not  included  in  the  analysis. 
The  last  remeasurement  of  all  plots  was  made  in  the  winter  of  l^k'J-h-Q,   or  9 
years  after  the  initial  cut.   There  were  no  stand  improvement  measures  ap-  .^ 

plied  during  this  period.  |  si 

Good  forest  management  policy  today  would  not  accept  the  rather  crude 
short-rotation  cutting  methods  as  practiced  in  this  early  study.  New  methods  ■  y 
of  seed-tree  selection  and  stimulation,  seedbed  preparation,  and  control  of 
inferior  understory  species  are  some  of  the  techniques  considered  advisable 
to  secure  satisfactory  regeneration.  However,  there  are  large  acreages  of 
loblolly  pine  stands  not  under  intensive  management  which  are  still  being  |l|  j^ 
cut  by  some  of  the  methods  practiced  in  this  study.  The  records  of  growth, 
mortality,  and  regeneration  during  the  9-year  period  following  cutting  by 
the  six  methods  tested  provide  some  useful  information  regarding  these  stands. 


GROWTH  AND  MORTALITY 


A  treatment  comparison  of  average  growth  of  the  residual  merchantable 
stand,  ingrowth  of  new  trees,  and  mortality  during  the  9-year  period  follow- 
ing cutting  is  shown  in  table  1,  Representative  conditions  on  diameter- limit 
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Table  1. — Grovth  and  mortality  per-acre,  folloving  different 

methods  of  cutting 


Method 

of 
cutting 


Volume 


Cut 


Left 


9 
Years 
later 


Periodic  annual — 


Residual 
net 
growth 


Ingrowth 


Morta- 
lity 


Compounded  growth 
rate 


Residual 
stand 


Residual 

plus 
Ingrowth 


h   seed 
trees 

12  seed 
trees 

Shelter- 
wood 

Diameter 
limit 

Moderate 
thinning 

Heavy 
thinning 


Cords   Cords  Cords   Cords 


27.6 

1.3 

3.5 

.09 

26.1 

2.3 

5.6 

.20 

23.3 

6.8 

13.2 

.62 

22.7 

6.1 

8.0 

,2k 

10.0 

13.9 

22.1 

.86 

15.0 

12.7 

21.3 

.88 

Cords    Cords  Percent  Percent 


.15 


.09 


5.5 


.18    .01    6,6 


,10    .01    6.9 


.12    3.4 


,11    .06    5.0 


,11    .03    5.5 


11.5 
10.7 

7.7 

5.6 
6.1 


and  heavy-thlnnlng  plots  before  and  after  cutting  and  9  years  later  are 
shown  In  figures  1  and  2, 

Volume  growth  In  cords  of  the  residual  stand  was  greatest  following 
the  thinning  treatments,  where  It  averaged  almost  0.9  cords  per  acre  per 
year.   The  shelterwood  produced  a  growth  of  about  0.6  cords,  while  the  seed- 
tree  and  dlameter-llmlt  cuts  had  only  0,1  or  0.2  cords  annual  growth  In- 
crease.  These  growth  rates  bear  a  strong  relationship  to  the  residual  volumes 
left  per  acre  In  all  cases  except  the  dlameter-llmlt  cut.  Under  this  treat- 
ment, the  merchantable  volume  left  was  in  the  5-  and  6-inch  diameter  classes, 
consisting  mainly  of  trees  which  were  suppressed  in  the  original  stand;  all 
the  other  cutting  methods  left  a  residual  stand  composed  mainly  of  former  do- 
minants and  codomlnants. 

All  cutting  methods  left  small-crowned,  low-vigor  trees  below  5.O 
inches  d.b.h.   The  Ingrowth  from  this  group  Into  merchantable  size  was  in- 
fluenced greatly  by  degree  of  release.   The  seed-tree  cuts,  which  gave  the 
most  release,  resulted  in  an  ingrowth  some  50  to  75  percent  greater  than 
under  the  other  cutting  methods.  Although  the  dlameter-llmlt  cut  removed 
all  competition  by  the  larger  trees,  195  trees  per  acre  were  left  in  the  5- 
and  6-lnch  diameter  classes  to  compete  directly  with  trees  smaller  than  5.O 
Inches. 

3 


BEFORE 


AFTER       let 


NINE 
YEARS 


Figure  1.— This  25-year-old  pine  stand  near  Jarratt,  Va.,  was  cut  to  a  7.0-inch  minimum  diajneter 
limit.  Trees  with  number  and  band  represent  the  5-  and  6-inch  d.b.h.  residual  stand.  All 
other  merchantable  trees  were  cut.  This  method  of  cutting  appears  least  favorable. 
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CUTTING 


CUTTING 


AFTER 
CUTTING 


Figure  2.--A  27-yeax-old  pine  stand  given  a  heavy  thinning  where  all  merchantable  trees  ex- 
cept 100  of  the  best  dominants  and  codominants  per  acre  were  cut.  Trees  with  number  and 
band  represent  residual  stand.  This  method  of  cutting  produced  the  best  volume  growth 
and  gross  returns.  Plot  located  near  Jarratt,  Va. 
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Mortality  was  almost  nonexistent  following  the  seed-tree  and  shelter- 
wood  cuttings,  where  there  were  no  suppressed  residuals  of  merchantable  size 
with  small  crowns  left.  An  increase  in  the  number  of  poor-vigor  trees  left 
brought  about  a  corresponding  increase  in  mortality.   The  moderate  thinning 
left  more  of  these  trees  than  the  heavy  thinning,  and  the  mortality  rate 
was  doubled.   The  residual  stand  left  after  the  diameter -limit  cut  was  com- 
posed almost  entirely  of  trees  which  had  been  suppressed  in  the  original 
stand,  and  here  the  mortality  rate  was  greatest.   It  amounted  to  a  loss  of 
0.12  cords  per  acre  per  year,  or  about  l8  percent  of  the  merchantable  volume 
left  after  cutting.   Chaiken  (3_)  has  reported  a  similar  high  mortality  among 
poor -vigor  trees  left  after  partially  cutting  a  stand  of  loblolly  pine  saw- 
timber.  He  states  it  would  be  well  to  anticipate  this  mortality  and  to  re- 
move such  trees,  in  addition  to  those  with  severe  logging  injuries,  at  the 
time  of  cutting.   It  would  appear  that  consideration  should  also  be  given 
to  removing  this  class  of  tree  in  pulpwood  stands,  if  it  can  be  done  econo- 
mically. 

When  growth  is  considered  as  a  compounded  interest  rate,  the  residual 
volume  left  by  the  shelteirwood  cut  shows  the  highest  growth  rate  with  6.9 
percent.   The  12-seed-tree  cut  produced  6.6  percent;  the  heavy  thinning  and 
four-seed-tree  cut  each  had  5«5  percent;  the  moderate  thinning  had  5*0  per- 
cent; and  the  diameter-limit  cut  had  a  growth  percent  of  only  3«^  percent. 
The  high  ingrowth  relative  to  residual  stand  net  growth,  jumped  the  growth 
percent  of  the  seed-tree  cuts  to  about  11  percent,  but  the  rates  by  the 
other  cutting  methods  increased  only  slightly.  Mortality  is  not  included 
in  the  growth  percent s  since  it  would  be  uneconomical  to  attempt  to  harvest 
these  small  volumes. 

Leaving  a  low  residual  volume  just  to  get  a  higher  growth  percent  is 
not  necessarily  the  best  choice.  To  take  an  extreme  example,  leaving  2  cords 
per  acre  by  a  seed-tree  method  would  produce  about  1/3  cord  per  acre  per  year. 
In  order  to  get  the  same  annual  volume  of  wood  as  that  produced  by  the  thin- 
ning methods  (l.O  cord)  would  necessitate  holding  three  times  the  acreage. 
The  investment  in  wood  volume  by  the  seed-tree  method  (6  cords)  would  be  about 
half  that  by  the  thinning  methods  (13  cords),  but  the  investment  in  land  and 
taxes  would  be  three  times  as  much  while  at  the  same  time  other  costs  such  as 
road  building  and  maintenance,  fire  protection,  cruising,  etc.  would  also  be 
increased.   Clearly  then,  a  relatively  high  growth  percent  is  not  a  final 
criterion  by  which  to  judge  the  desirability  of  a  particular  method  of  cut- 
ting. 


FINANCIAL  COMPARISONS 


The  techniques  of  comparative  valuation  provide  a  better  measure  of 
the  relative  financial  returns  associated  with  each  method  of  cutting.   This 
is  simply  computing  the  present  worth  (1939)  of  a  given  stand  by  adding  the 
discounted  value  of  the  stand  9  years  after  applying  a  particular  method  of 
cutting  to  the  value  of  the  volume  removed  at  time  of  cutting.   Constant 
stumpage  prices  and  discount  rates  are  applied  in  the  analysis  to  all  methods 
of  cutting.  Since  they  apply  equally  to  the  volumes  produced  by  any  method. 
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and  since  we  are  seeking  only  to  make  a  comparative  rather  than  actual  valua- 
tion, any  price  or  rate  will  suffice.  Those  used  here  are  $ii-.00  per  stand- 
ard rough  cord,  $30.00  per  thousand  board  feet  (int.  lA-inch  rule),  and  a 
discount  rate  of  3  percent. 

Thus,  we  assume  an  even-aged  stand  of  pulpwood-size  pine  containing 
25  cords  per  acre.  Which  of  the  six  methods  of  cutting  will  produce  the 
highest  present  worth?  The  present  worth  of  this  25-cord  stand  before  cut- 
ting is  $100  per  acre  (25  x  $i4-.00  per  cord).  The  percent  of  total  volume 
cut  by  each  method  can  be  computed  from  table  1,   It  ranges  from  96  percent 
when  leaving  four  seed  trees  to  h2   percent  when  making  a  moderate  thinning. 
The  volume  removed  in  each  method  of  cutting  is  valued  as  pulpwood  at  $^ 
per  cord.   The  future  stand  may  in  some  cases,  however,  have  grown  to  a 
point  where  there  is  an  operable  amount  of  sawtimber  volume  in  trees  10.0 
inches  d.b.h.  and  larger.  Nine  years  after  cutting,  then,  the  stand  may 
have  sawtimber  values  in  combination  with  pulpwood  values.   Or,  if  utiliza- 
tion policy  requires  it,  the  entire  stand  of  trees  regardless  of  size  may 
be  valued  as  pulpwood  only. 

The  present  worth  resulting  from  each  method  of  cutting  when  (l) 
all  volumes  are  considered  as  pulpwood,  and  (2)  the  stand  9  years  hence 
is  valued  as  sawtimber  and  pulpwood  combined,  is  shown  in  table  2. 

The  differences  in  present  worth  between  treatments  are  not  very 
large  when  all  volumes  are  cut  and  valued  as  pulpwood.   The  greatest  pre- 
sent worth  ($117  per  acre)  results  from  the  heavy  thinning;  the  shelter- 
wood  cut  and  moderate  thinning  are  slightly  less  with  $ll4  and  $113^  res- 
pectively. There  is  a  further  decrease  when  cutting  to  12  or  h   seed  trees, 
where  the  respective  present  worth  is  $109  and  $106,  Diameter-limit  cutting 
is  lowest  with  $104  per  acre. 

Even  though  the  values  of  the  original  cuts  leaving  seed  trees  were 
almost  double  the  values  removed  in  the  thinning  operations,  the  growth  of 
the  residual  stands  left  after  thinning  more  than  made  up  this  Initial  dif- 
ference.  The  annual  growth  in  cords  for  the  diameter-limit  method  was  al- 
most equal  to  that  for  the  12-seed-tree  method,  but  the  present  worth  was 
reduced  by  the  lower  value  of  the  initial  cut.   Other  considerations  such 
as  a  discount  rate  other  than  3  percent,  market  trends,  logging  costs  as 
affected  by  tree  size,  regeneration  problems,  or  a  combination  of  these 
factors,  may  easily  alter  the  differences  when  all  trees  are  cut  and  valued 
as  pulpwood. 

In  19^8  all  stands  except  those  cut  to  a  minimum  7.0  inches  d,b,h. 
had  an  operable  voliome  for  a  sawtimber  cut,  the  lowest  volume  being  some 
1,000  board  feet  per  acre  on  the  areas  cut  to  four  seed  trees.  When  the 
future  stands  are  valued  as  sawtimber  for  trees  10  inches  d.b.h.  and  larger 
and  as  pulpwood  for  trees  5-  to  9-inches  d.b.h.,  a  pronounced  difference 
appears  in  present  worth  by  the  various  cutting  methods.  The  shelterwood 
and  thinning  methods  now  show  a  definite  superiority  over  the  seed-tree  or 
diameter-limit  cutting  methods.   The  heavy  thinning  produces  a  present 
worth  of  $231  per  acre,  while  the  four-seed-tree  and  12-seed-tree  methods 
show  a  value  of  $121  and  $138  per  acre,  respectively.   The  moderate  thin- 
ning and  shelterwood  are  $192  and  $199,  respectively,  while  the  diameter- 
limit  method  has  a  present  worth  of  only  $104  per  acre.   The  latter  method 
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Table  2. — Comparative  value  and  present  worth  per  acre  after 

cutting  by  different  methods 


Method 

of 
cutting 


Stand  9  years  after  cutting 


Valued-^  as 


— '  as-- 


Pulpwood 


Sawtim- 
ber  and 
pulpwood 


Discounted-^  as  — 


f: 


Pulpwood 


Saw tim- 
ber and 
pulpwood 


Value  of 
1939  cut 


Present  worth  (1939) 


Pulpwood 


Sawtim- 
ber  and 
pulpwood 


Dollars 

Dollars 

Dollars 

Dollars 

Dollars 

Dollars 

Dollars 

k   seed 
trees 

13 

33 

10 

25 

96 

106 

121 

12  seed 
trees 

22 

60 

17 

1+6 

92 

109 

138 

Shelter- 
wood 

kQ 

159 

37 

122 

77 

lli+ 

199 

Diameter 
limit 

33 

33 

25 

25 

79 

104 

101+ 

Moderate 
thinning 

93 

196 

71 

150 

k2 

113 

192 

Heavy 
thinning 

82 

231 

63 

177 

5^ 

117 

231 

l/  Pulpwood  stumpage  $4.00  per  standard  rough  cord.  Sawtimber  stumpage 
$30.00  per  thousand  board  feet  (int.  l/U-lnch  rule).  All  figures  rounded  off  to 
the  nearest  dollar. 

2/  Discount  rate  3  percent. 
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was  low  because  It  produced  no  trees  of  sawtimber  size  in  the  9  years  fol- 
lowing cutting.   The  shelterwood  and  thinning  methods  had  high  present 
worth  because  the  residual  stand  was  composed  primarily  of  select  dominant 
and  codominant  trees.   The  seed-tree  cuttings  did  not  provide  enough  trees 
to  produce  an  appreciable  amount  of  sawtimber  volume  growth.  A  discount 
rate  as  high  as  9  percent  does  not  change  the  relative  position  of  the  pre- 
sent worths,  although  it  does  lessen  the  range  of  differences. 

Table  2  also  shows  that  when  the  stand  is  given  a  shelterwood  cut, 
moderate  thinning,  or  heavy  thinning,  a  gross  return  of  $236,  $238,  and 
$285  per  acre,  respectively,  is  earned  in  3^  to  39  years.   This  may  be 
compared  to  clear  cutting  25  cords  per  acre  on  a  short  rotation  of  about 
25  to  30  years  for  a  gross  return  of  $100  per  acre  at  $^.00  per  cord.   The 
rotation  period  will  vary  by  site  and  density  of  stocking.   Thus,  by  making 
a  partial  cut  and  carrying  a  thrifty  residual  stand  to  sawtimber  size,  it 
appears  possible  for  one  who  sells  stumpage  at  the  quoted  prices  to  realize 
in  3^  to  39  years  a  gross  return  greater  than  that  produced  by  two  short- 
rotation  clear  cuttings  in  a  period  of  about  50  to  60  years. 

Financial  comparisons  between  cutting  methods  based  on  data  for  a 
complete  rotation  would  be  highly  desirable.   The  results  obtained  here  are 
taken  from  records  over  a  9-year  period  following  the  initial  cut  and  may 
not  necessarily  remain  the  same  over  a  longer  period.   The  possibility  of 
later  ingrowth  into  pulpwood  or  sawtimber  classes,  or  the  effect  of  addi- 
tional cuttings  in  the  thinned  stands  may  tend  to  alter  the  value  differ- 
ences between  cutting  methods.   It  is  difficult  to  find  all  the  answers  in 
a  single  study,  but  fitting  together  the  results  of  many  studies  may  offer 
a  solution. 


REGENERATION 


Recent  research  findings  have  assisted  owners  in  getting  prompt  and 
adequate  loblolly  pine  regeneration. 

Pomeroy  (7)  discusses  the  selection  of  good  seed  trees  and  the  fre- 
quency of  seed  production,  season  of  dispersal,  and  distribution.  He  sug- 
gests that  seed  trees  should  have  large,  dominant  crowns  with  a  past  record 
of  fruitfulness  as  indicated  by  the  presence  of  many  old  cones.   Trees  11 
inches  d.b.h.  or  smaller  cannot  be  depended  on  as  good  seed  trees.   Occur- 
rence of  good  seed  years,  season  of  logging,  control  of  understory  competi- 
tion, and  seedbed  preparation  are  also  important  factors  in  aiding  regenera- 
tion. 

Trousdell  (8)  points  out  that  logging  slash  provides  a  very  poor 
seedbed,  requiring  83  seeds  per  established  seedling  as  compared  to  29  seeds 
on  undisturbed  surfaces,  12  seeds  on  a  logged  and  burned  surface,  and  only 
7  seeds  on  a  disked  and  logged  surface.   Logging  a  stand  leaves  a  seedbed 
pattern  composed  of  slash,  exposed  mineral  soil,  and  undisturbed  areas. 
When  logging  is  done  with  light  equipment  and  heavy  slash  is  left  on  the 
ground,  it  is  apparent  that  a  very  large  amount  of  seed  would  be  needed  to 
establish  a  new  stand. 
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Even  with  axi  adequate  seedfall  on  a  suitable  seedbed,  the  survival 
and  growth  of  established  pine  seedlings  can  be  seriously  retarded  by  a 
dense  understory  of  hardwoods.   Chaiken  {l,   2)  discusses  this  problem  and 
offers  several  means  by  which  it  may  be  overcome. 

But  none  of  these  management  techniques  was  being  practiced  in  1939. 
Seed  trees  were  selected  according  to  the  standards  of  the  time  and  although 
some  of  the  seed  trees  were  larger  than  11  inches  d.b.h.  and  showed  evidence 
of  being  good  seed  producers,  many  of  them  were  below  this  diameter  and  had 
no  cones.  This  was  particularly  true  in  the  shelterwood  cutting,  and  to 
some  extent  in  the  12-seed-tree  cutting,  where  it  was  difficult  to  find  a 
full  quota  of  trees  of  proven  seed-producing  capacity.   Truck  roads  were 
held  to  a  minimum  on  the  plots,  slash  was  left  undisturbed,  and  no  measures 
were  taken  to  improve  seedbed  conditions  (figures  3  and  k) .      Three  years 
after  cutting  there  was  an  average  of  some  2,000  hardwood  stems  per  acre  on 
the  seed-tree,  shelterwood,  and  diameter-limit  areas  (table  3)»  By  19^8 
this  had  increased  to  from  3^00  to  U9OO  stems  per  acre.  No  steps  were  taken 
to  reduce  this  competition. 


Table  3. — Number  of  hardwood  stems  per  acre 


Method  of 
cutting 


Stems  per  acre 


1939    !  19^2    ;  19^+5    ;  19^8 


k   seed  trees 
12  seed  trees 
Shelterwood 
Diameter  limit 


under  k.'^  ft.l/ 
over  4.5   ft .2/ 

under  if. 5  ft. 
over  4.5  ft. 

under  4.5  ft. 
over  k-,^   ft. 

under  h,^   ft. 
over  4.5  ft. 


Number  Number  Number  Number 


i+20 

1300 
755 

2215 
8i+2 

30ifO 

1132 

3^2 

1080 
607 

131+0 
777 

3915 
978 

510 

1095 
855 

1185 
1010 

22i+5 
1137 

387 

1750 
818 

2355 
907 

2265 
1260 

1/  Based  on  a  10-percent  sample. 
2/  Based  on  a  100-percent  sample. 

Under  the  circumstances,  it  is  not  surprising  that  a  satisfactory 
new  stand  has  failed  to  develop.  Following  cutting,  all  pine  seedlings 
under  k»^   feet  in  height  were  eradicated  on  one-half  the  area  of  each  plot 
cut  by  seed-tree,  shelterwood  and  diameter-limit  methods,  regeneration 
not  being  an  immediate  problem  on  the  thinned  plots.   The  purpose  was  to 
obtain  an  estimate  of  seedlings  produced  exclusive  of  advanced  reproduc- 
tion. A  10-percent  sample  was  made  of  all  pine  seedlings  under  k,^   feet 
on  both  the  eradicated  and  non-eradicated  portions  of  the  plots  in  19^2, 
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Figure  3- — One  year  after  cutting  a  27-year-old.  pine  stand  to  12  seed  trees  per  acre  (numbered 
trees).  Hardwoods  are  infrequent  and  seedbed  is  still  satisfactory,  but  seed  trees  averaged 
about  10  inches  d.b.h.  and  none  of  them  had  old  cones  as  evidence  of  seed-producing  ability. 
By  19'+8  an  adequate  stand  of  reproduction  had  still  failed  to  develop.   Preharvest  release 
of  cone-bearing  seed  trees  would  have  greatly  increased  the  likelihood  of  success  on  this 
area. 


Figure  k.--A   25-year-old  pine  stand  one  year  after  cutting  to  12  seed  trees  per  acre  (some 
barely  distinguishable  in  background)  showing  immediate  problem  created  by  understory  hard- 
woods. Most  of  the  seed  trees  on  this  plot  bore  cones  at  time  of  cut  and  by  19^4-8  there  were 
some  1500  pine  stems  per  acre  in  the  0.6-  to  ij-. 5-foot  height  class.  All  of  them,  however, 
are  overtopped  by  hardwoods.  Elimination  of  competing  species  is  essential  for  establish- 
ment of  a  succeeding  pine  stand. 
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19^5  and  19^8,  An  estimate  of  the  number  of  established  seedlings  per  acre, 
excluding  those  under  6  Inches  In  height,  by  year  and  cutting  method  for  the 
eradicated  portions  of  the  plots  Is  shown  In  table  k. 


Table  h, — Estimated  pine  reproduction  under  k,'p   feet  In  height 


i/ 


W 


Method  of 
cutting 


Total  seedlings  per  acre 


1939     ;  1942     ;  191+5     ;  191+8 


Free   seedlings 

per  acreS/ 

19^8 


Number  Number  Number  Number 


Number 


h   seed  trees 

0 

260 

980 

1980 

71+0 

12  seed  trees 

0 

360 

760 

2340 

680 

Shelterwood 

0 

250 

1000 

2370 

370 

Diameter  limit 

0 

140 

1+30 

620 

210 

1/  Excluding  reproduction  under  6  Inches  In  height. 
2/  Based  on  10-percent  sample. 
3/  Free  of  direct  overhead  shade. 


Since  the  estimate  Is  based  upon  a  10-percent  sample  not  too  much 
reliance  can  be  placed  on  the  actual  figures,  but  even  with  a  large  error 
of  estimate,  it  is  evident  that  none  of  the  cutting  methods  has  produced 
an  adequate  crop  of  free-growing  seedlings  within  a  reasonable  time.   Side 
seeding  from  adjacent  uncut  stands  has  undoubtedly  swelled  the  seedling 
count  on  many  of  the  plots  as  evidenced  by  the  seedlings  on  the  areas  cut 
to  a  7.0-lnch  diameter  limit.   Some  of  the  seedlings  on  the  diameter-limit 
plots  may  have  come  from  residuals  which  had  developed  an  early  seed-pro- 
ducing ability,  although  there  are  no  data  available  to  support  this  notion. 
An  estimate  of  seedlings  per  acre  on  the  non-eradicated  portion  of  the  plots 
shows  that  these  portions  had  no  more  seedlings  by  19^8  than  the  eradicated 
portions,  even  though  they  had  some  at  the  start. 

An  interesting  point  is  the  steady  Increase  in  number  of  seedlings 
per  acre  over  the  9-year  period,  in  spite  of  the  increasing  hardwood  com- 
petition as  shown  In  table  3.  More  seed  is  being  put  down  as  the  pine  over- 
story  trees  become  more  mature,  bumper  seed  crops  occur,  and  some  of  the 
older  seedlings  manage  to  hang  on  or  to  find  their  way  up  through  an  opening. 
If  one  could  accept  a  6-  to  9-year  waiting  period,  stem-wise  release  of  the 
established  pine  reproduction  might  provide  the  beginning  of  a  new  stand. 

Of  course,  there  are  many  pine  pulpwood  stands  with  relatively  few 
hardwoods  in  the  understory.   Such  stands  cut  by  a  seed-tree  or  shelterwood 
method  may  eventually  develop  a  stand  of  pine  reproduction  without  assistance, 
Although  an  unmanaged  forest  may  thus  produce  a  succeeding  pine  crop,  it 
would  be  a  risky  venture  involving  an  unnecessary  time  lag  on  lands  acquired 
for  the  growing  of  timber. 
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A  100-percent  tally  of  all  pine  over  4.5  feet  high  made  after  cut- 
ting and  again  in  19^2,  19^5  and  1948,  further  reveals  the  inadequacy  of 
early  stand  development  following  cutting  by  seed-tree,  shelterwood,  or 
diameter-limit  methods.   The  number  of  pine  trees  per  acre  by  diameter 
group,  year  and  cutting  method  is  shown  in  table  5. 

Table  5. — Pines  per  acre  over  4.5  feet  high,  by  method  of 

cutting,  diameter  group,  and  year 


;f 


Method  of 

cutting 


D.b.h. 
group 


Total  trees  per  acr 


After 
cut, 
1939 


1942 


I9i^5 


1948 


Free-growing  ^ / 
trees  per  acre—' 
1948 


Inches 

Number 

Number 

Number 

Number 

Number 

0-1.9 

10 

8 

188 

380 

239 

4  seed  trees 

2.0-4.9 
5.0-9.9 

120 
0 

75 

15 

50 
32 

70 
38 

52 
35 

10.0  + 

5 

5 

5 

5 

5 

0-1.9 

30 

25 

172 

365 

197 

12  seed  trees 

2.0-4.9 
5.0-9.9 

115 
1 

65 
15 

40 

35 

75 
48 

59 
^5 

10.0  + 

11 

12 

12 

10 

10 

0-1.9 

48 

28 

72 

192 

90 

Shelterwood 

2.0-4.9 
5.0-9.9 

105 
22 

TO 
22 

55 
28 

58 

30 

31 
23 

10.0  + 

22 

32 

40 

h^ 

^5 

0-1.9 

55 

40 

52 

60 

28 

Diameter  limit 

2.0-4.9 
5.0-9.9 

168 
195 

110 
190 

72 

195 

80 
185 

38 
172 

10.0  + 

0 

0 

0 

0 

— 

l/  Based 

on  a  100- 

percent 

sample . 

2/  Free 

of  direct 

overhead 

shade . 

If  adequate  reproduction  had  become  established  following  cutting, 
and  normal  growth  ensued,  one  might  look  for  a  substantial  number  of  trees 
in  the  0-  to  1,9-inch  diameter  group  by  1948.  Yet  this  diameter  group  shows 
a  deficiency  for  each  cutting  method.  All  residual  stands  had  a  decrease 
in  the  number  of  trees  between  4.5  feet  in  height  and  5.0  inches  d.b.h.  fol- 
lowing cutting.   It  was  not  until  19^5  (6  years  after  cutting)  that  the  seed- 
tree  stands  made  up  this  loss.   In  1948  (9  years  after  cutting)  the  shelter- 
wood  stands  made  it  up.  And  the  stands  cut  to  a  7.0-inch  diameter  limit 
still  had  fewer  trees  under  5.O  inches  d.b.h.  in  1948  than  in  1939.  The  net 
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loss  can  be  attributed  to  mortality  due  to  logging  damage  and  poor  vigor, 
and  to  growth  into  larger  diameter  classes.   The  delay  in  recruitment  from 
smaller  size  groups  is  directly  associated  with  the  delay  in  establishment 
of  reproduction,  as  shown  in  table  h» 


SUMMARY 


On  the  basis  of  data  collected  over  a  9-year  period  from  a  series  of 
0.4-acre  plots  located  in  loblolly  pine  pulpwood  stands  of  Virginia  and  the 
Carolinas,  heavy  thinning  from  below  has  produced  greater  returns  during  the 
decade  after  cutting  than  has  moderate  thinning  from  below,  cutting  to  k   or 
12  seed  trees,  shelteirwood,  or  cutting  to  a  7.0-inch  diameter  limit.  The 
shelterwood  cutting  showed  the  next  best  return,  followed  by  moderate  thin- 
ning from  below,  12  seed  trees,  four  seed  trees,  and  diameter  limit.  Re- 
generation cuttings  (seed  tree  and  shelterwood)  in  these  25-  to  30-year-old 
stands  have  failed  to  reproduce  an  adequate  stand  of  pine  within  a  reason- 
able time.  Recent  research  findings  pertaining  to  preharvest  seed-tree  re- 
lease, seedbed  preparation,  and  hardwood  control  offer  a  means  by  which  this 
problem  may  be  overcome  under  intensive  management.   Cutting  to  a  7.0-inch 
minimum  diameter  limit  is  the  least  favorable  of  all  methods  tested,  be- 
cause of  a  relatively  high  mortality  and  low  growth  rate. 
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INTRODUCTION 


This  paper  reports  temperatures  in  the  upper  6  feet  of  soil  under 
four  conditions  of  plant  cover  in  the  South  Carolina  Piedmont.  Such  in- 
formation has  not  been  reported  previously. 

The  temperature  of  the  soil  is  important  because  it  is  one  of  the 
limiting  factors  to  root  growth.  Plant  growth  has  been  found  to  be  ac- 
celerated within  certain  ranges  of  soil  temperature  and  inhibited  or  pre- 
vented beyond  such  boundaries.   Consequently,  knowledge  of  soil  tempera- 
ture may  be  useful  in  determining  suitability  of  planting  sites,  length 
of  growing  season,  and  periods  of  most  rapid  growth. 

Temperature  information  was  obtained  from  an  installation  of  fiber- 
glas  electrodes  used  in  the  determination  of  soil  moisture  by  the  electri- 
cal resistance  method.   The  fiberglas  units  contained  thermistors  for  tem- 
perature measurements  and  were  buried  beneath  barren,  grass,  and  forested 
sites. 


Observations  were  made  at  the  Calhoun  Experimental  Forest  located 
7  miles  southwest  of  Union,  South  Carolina.  Monthly  average  soil  tempera- 
tures were  derived  from  daily  observations  taken  during  the  period  Septem- 
ber 1950  through  October  1951. 

Soil  temperatures  have  been  studied  extensively  in  Europe  and  in 
this  country.  Geiger  (_5)  refers  to  most  of  the  European  studies  in  his 
treatise  on  microclimate.   In  this  country,  many  of  the  studies  of  soil 
temperature  have  been  made  in  the  West  in  connection  with  frost  damage  to 
orchards  (9,  8).  From  the  engineering  aspect,  Crawford  (h)   has  summarized 
what  he  believes  to  be  the  most  important  publications  in  English  on  the 
subject.  For  the  influence  of  forest  cover  on  the  temperature  of  the  soil, 
the  reader  is  referred  to  Kittredge  (7).  More  recently,  Hursh  (6)  has  re- 
ported temperature  information  for  the  upper  6  inches  of  soil  under  hard- 
wood forest,  grass,  and  barren  conditions  in  the  Copper  Basin  of  Tennessee, 


CLIMATE  AND  SITE  DESCRIPTIONS 


Climate  of  the  South  Carolina  Piedmont  is  humid,  with  relatively 
mild  winters  and  hot  summers.   In  the  vicinity  of  Union,  the  growing 
season  has  an  average  length  of  208  days.  The  average  date  of  the  last 
killing  frost  in  the  spring  is  April  5  and  the  first  in  the  fall  is 
October  30»  Mean  precipitation  is  h'J ,6l   inches.  Rainfall  distribution 
is  fairly  uniform  throughout  the  year.  An  index  to  local  meteorological 
conditions  for  the  period  of  soil  temperature  measurement  is  given  by 
the  summary  of  climatological  data  in  table  1.   The  data  were  obtained 
from  a  weather  station  at  the  experimental  forest  headquarters.  All  the 
soil  temperature  measurements  were  made  less  than  3  miles  from  this  sta- 
tion. Table  1  gives  mean  daily  maximum  and  minimum  air  temperatures  by 
months  for  the  period  August  1950  through  October  1951.  Also  in  table  1 
are  monthly  departures  of  temperature  and  precipitation  from  the  59-year 
average  values  for  Santuck,  South  Carolina,  which  is  11  miles  east  of  the 
study  area. 

Air  temperatures  were  highest  in  August  with  a  mean  of  80,3  F., 
and  were  lowest  in  December  with  a  mean  of  38.^  degrees.   It  will  be 
noticed  that  air  temperatures  during  the  15-month  period  were  generally 
lower  than  the  59-year  average.  Monthly  precipitation  was  deficient  in 
all  but  3  months  and  there  was  a  total  deficit  of  19.^1  inches  for  the 
period  (table  l). 

The  sites  where  soil  temperatures  were  measured  are  located  on 
nearly  level  ridge  top  or  upper  slope  positions  on  soils  of  the  Cataula 
and  Lloyd  series.  These  soils  are  derived  from  granites,  gneisses,  and 
schists  and  are  characterized  by  red-clay  B  horizons  4  to  6  feet  thick. 
Individual  characteristics  of  the  four  areas  reported  are  described  be- 
low, and  their  locations  with  respect  to  one  another  are  illustrated  in 
figure  1. 

Shortleaf  pine-hardwood  (Plot  A). — The  area  representing  older 
forest  growth  was  formerly  agricultural  land  but  has  not  been  cultivated 
for  at  least  50  years  and  is  only  moderately  eroded.   It  faces  northwest 
on  a  slope  of  about  8  percent.  The  soil  is  a  Cataula  sandy  loam  with 
horizons  comparable  to  those  at  the  loblolly  pine  plantation  except  that 
a  humus  layer  is  present.  Vegetation  consists  of  ^4-0  to  50-year-old  short- 
leaf  pine  (p.  echinata,  L.)  with  an  understory  of  hardwoods  composed  prin- 
cipally of  dogwood  (Cornus"  florida)  and  hickory  (Hicoria  spp.).  The  short- 
leaf  pines  average  5.8  inches  d.b.h.  and  heights  range  up  to  50  feet. 
Most  of  the  hardwoods  are  less  than  2.5  inches  in  diameter.   Of  the  trees 
k   inches  and  larger  in  diameter,  there  are  520  per  acre  with  a  basal  area 
of  1^+1  square  feet.  The  forest  floor  is  from  2  to  3  inches  thick.  Tem- 
perature measurements  were  made  within  the  stand  about  100  feet  from  an 
unsurfaced  road  (fig.  l). 

Loblolly  pine  plantation  (Plot  B). — This  site  is  situated  on  the 
upper  portion  of  a  broad  ridge  that  slopes  about  3  percent  to  the  south- 
east.  It  was  last  cultivated  in  19^0.  The  soil  is  a  Cataula  sandy  loam. 
The  topsoil  has  no  humus  layer  and  is  about  5  to  7  inches  deep.   It  lies 
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Table  1.— Mean  daily  maximum  and  minimum  air  temperatures  by  months,  and 
total  monthly  precipitation  at  the  Calhoun  Experimental  Forest 
from  August  193O  through  October  1951. 


Year 
and 
month 


Temperature 


Max. \   Min, [   Mean  \ 


Mean 
depart ur 


-  -  - 

-  -  Degrees  F. 

_  _  _ 

1950 

August 

89. 7 

63.6 

76.7 

-1.6 

September 

81.2 

58.1 

69.7 

-4.0 

October 

77.0 

51.h 

64.2 

2.1 

November 

62.2 

31.7 

46.9 

-4.3 

December 

50.0 

26.9 

38,4 

-5.3 

1951 

January 

56.0 

30.2 

43.1 

-0.2 

February 

57.8 

29.7 

43.8 

-0.6 

March 

63.3 

39.6 

51.5 

-0.9 

April 

71.9 

45.1 

58.5 

-1.8 

May 

83.9 

50.1 

67.0 

-2.4 

June 

89.7 

63.4 

76.5 

-0.3 

July 

92.6 

6'^.k 

79.0 

-0.4 

August 

9^.2 

66.4 

80.3 

2.0 

September 

85.5 

60.6 

73.0 

-0.7 

October 

77.2 

50.6 

63.9 

1.8 

Precipitation 


^    I  Total    ;  Departur 


Inches 


3.10 
3.07 
3.92 
0.82 
3.04 


1.86 
2.23 
4.32 
2.35 
0.77 
4.84 
3.65 
0.89 
4.67 
0.94 


Inches 


-2.69 

-0.37 
0.88 

-1.83 
-1.21 


-1.94 
-2.21 
-0.06 
-1.12 

-2.59 
1.03 

-1.53 

-4.90 

1.23 

-2.10 


Total 


40.47 


-19.41 


1/  Difference  between  measurements  taken  at  the  experimental 
forest  headquarters  and  the  59-year  average  at  the  U.  S.  Weather  Bureau 
cooperative  station  at  Santuck,  South  Carolina. 

over  a  clay  B  horizon  that  extends  to  4  feet.   The  C  horizon  begins  at 
4  feet  and  is  made  up  of  decomposed  gneiss  or  granite.  Loblolly  pines 
were  planted  early  in  194l.   In  September  1950,  they  averaged  5.3  inches 
d.b.h.  and  31.1  feet  high  with  a  crown  density  of  about  58  percent. 
There  were  76O  trees  per  acre  with  a  basal  area  of  IO3  square  feet.  The 
forest  floor,  composed  of  weathered  pine  needles,  was  2  inches  deep  and 
weighed  approximately  13,000  pounds  per  acre.l/  Soil  temperatures  were 
measured  at  a  point  well  within  the  stand  about  I3O  feet  from  the  nearest 
opening. 


1/  Based  on  oven-dry  weight. 
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2  Inches  =  1  mile 

Highway 

River 

H.  Q,.  Experimental  Forest 

Soil  Moisture  Plots 

Short leaf  pine -hardwood 

Loblolly  pine  plantation 

Broomsedge  field 

Barren  eroded  area 


Figure  1.— Location  of  soil  moisture  plots  on  the  Calhoun  Experimental  Forest, 
where  soil  temperature  information  was  obtained. 
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Broomsedge  field  (Plot  C).— This  site  is  an  old  field  situated  on 
a  ridge  top  that  slopes  about  3  percent  southward.   It  was  last  cultivated 
in  19^2.   The  soil  is  a  Lloyd  loam.   Topsoil  is  present  in  the  form  of  a 
brown  loam  about  6  inches  deep.   The  subsoil  is  a  stiff  clay  that  extends 
from  6  to  72  inches.   It  is  less  compact  and  more  permeable  than  are  soils 
of  the  Cataula  series.  Vegetation  is  predominately  broomsedge  with  a  cover 
density  of  95  to  100  percent.   It  has  been  maintained  in  that  cover  type  by 
periodic  removal  of  Invading  pines. 

Barren  site  (Plot  D).--This  area  is  a  relatively  level  portion  of  an 
old  field  situated  on  a  ridge  top  that  rises  steeply  on  the  north  side. 
It  was  last  cultivated  in  1930.   The  soil  has  been  severely  eroded  and  the 
original  sandy  loam  surface-horizon  of  the  Cataula  series  has  been  com- 
pletely removed.   The  upper  28  inches  of  this  type  of  clay  has  an  angular 
blocky  structure.  Below  28  inches,  mica  particles  and  quartz  fragments 
are  abundant,  and  the  soil  has  a  platy  structure.   The  fiberglas  elements 
were  installed  in  a  fully  exposed  barren  portion  of  the  area.  At  a  dis- 
tance of  6  feet  there  are  scattered  clumps  of  broomsedge  (Andropogon  spp. ) , 
and  at  a  disLance  of  40-feet  there  is  abundant  loblolly  pine  (P.  taeda,~L.J 
regeneration. 


METHODS 


Fiberglas  electrodes  (^)  were  installed  within  25  by  25-foot  fenced 
enclosures  at  each  site.   The  electrodes  were  inserted  at  depths  of  2,  12, 
l8,  2^4-,  36,  ^8,  60,  and  72  inches  along  the  side  of  a  5-inch  auger  hole. 
The  excavated  soil  was  repacked  into  the  hole  to  duplicate  thickness  and 
arrangement  of  the  original  soil  horizons.   The  thermistor2/  in  each  elec- 
trode was  used  to  measure  temperature.   The  Colman  (3)  ohmmeter  was  used 
to  measure  thermistor  resistance.   The  resistance  readings  were  converted 
to  temperature  in  degrees  Fahrenheit  from  graphs  compiled  by  Colman,   Ther- 
mistors of  the  type  contained  in  the  fiberglas  units  are  capable  of  regis- 
tering small  temperature  changes.  However,  with  the  ohmmeter  used,  tempera- 
ture determinations  are  believed  to  be  accurate  to  only  t  1  F,  Measure- 
ments were  made  daily  between  8:00  and  9:00  a.m.   Because  of  the  distance 
between  plots  (fig,  l),  there  was  a  time  interval  of  approximately  kO   min- 
utes between  the  first  observation  at  Plot  D  and  the  last  at  Plot  B,   This 
time  interval  was  consistent  from  day  to  day  and  probably  had  no  influence 
on  comparisons  of  temperature  between  vegetated  sites.   It  probably  did 
affect  comparisons  between  the  barren  and  vegetated  sites,  since  the  barren 
area  was  read  earlier  in  the  morning  before  surface  temperatures  were  mate- 
rially influenced  by  bright  sunlight. 


RESULTS 


The  presence  of  vegetation  had  its  greatest  effect  on  soil  tempera- 
tures in  summer,  and  temperatures  were  progressively  cooler  from  barren  to 
high  forest  conditions.  Monthly  average  temperatures  from  September  1950 
through  October  195I  are  given  in  table  2  for  the  upper  6  feet  of  soil 


2/  Western  Electric  No.  7A. 
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under  the  four  cover  conditions.   Annual  minimum  soil  temperatures  occurred 
from  one  to  two  months  later  than  minimum  air  temperatures  (table  l).   Under 
forest  vegetation  for  example,  the  entire  6  feet  of  soil  was  coldest  in  Feb- 
ruary (table  2A  and  B).  At  the  grass  and  barren  areas  the  temperatures  in 
the  upper  l8  inches  of  soil  reached  a  minimum  in  January  and  in  the  remain- 
der of  the  6-foot  profile  they  were  lowest  in  February  (table  2C  and  D). 
For  barren  conditions ,  January  temperatures  averaged  kO°   at  2  inches  depth 
and  ^3°  at  one  foot.  At  comparable  depths  under  vegetation  the  soil  was 
warmer  by  approximately  3°  and  1°  respectively.   In  the  zone  from  2  to  6 
feet  the  February  temperature  of  the  barren  soil  varied  from  ^7°  to  52°, 
which  was  generally  1°  to  3°  warmer  than  under  grass  or  forest  cover. 

Except  for  the  2-inch  depth  at  the  barren  area,  the  temperatures  in 
the  upper  k   feet  of  soil  at  all  sites  were  generally  highest  in  August, 
which  was  the  time  of  the  annual  maximum  air  temperature.   On  the  forested 
sites,  the  soil  reached  its  maximum  temperature  at  5  feet  during  September 
and  6  feet  in  October,  1951.  The  soil  at  the  barren  site  and  broomsedge 
field  reached  its  maximum  at  5  and  6  feet  in  September.   In  table  2  it  will 
be  noted  that  the  annual  maximums  at  6  feet  may  not  occur  at  the  same  time 
each  year.  For  1950,  they  did  not  occur  at  any  of  the  sites  in  October. 
At  a  depth  of  l8  inches,  the  soil  temperatures  in  August  averaged  approxi- 
mately 82  at  the  barren  site^  77  at  the  broomsedge  field,  7^  at  the  lob- 
lolly pine  plantation,  and  71°  at  the  pine-hardwood  stand.  Even  at  a  depth 
of  6  feet  there  was  an  appreciable  influence  of  vegetation  on  soil  tempera- 
tures.  In  September  1951;  for  example,  the  temperature  at  a  depth  of  6 
feet  was  75  at  the  barren  area  and  670  under  the  older  forest. 

Table  2D  shows  that  the  2-inch  depth  at  the  barren  area  reached  an 
annual  maximum  in  July  rather  than  August.  Because  of  greater  day  lengths 
and  more  intense  solar  radiation  in  July,  the  absence  of  shading  vegetation 
would  have  the  most  noticeable  effect  on  soil  temperatures.  Consequently, 
it  was  believed  that  the  soil  at  2  inches  depth  at  the  barren  area  tended 
to  heat  more  before  the  time  of  observation  than  it  did  at  the  vegetated 
sites. 

Although  the  annual  extremes  occurred  at  a  later  date  with  increasing 
depth,  the  differences  between  successive  months  were  relatively  small. 
Therefore,  for  most  purposes  of  comparison,  the  temperatures  throughout  the 
upper  6  feet  of  soil  can  be  considered  to  have  reached  a  minimum  in  February 
and  a  maximum  in  August.  Average  temperatures  by  depth  at  three  sites  for 
February  and  four  sites  for  August  are  plotted  in  figure  2,  Mean  air  tem- 
peratures for  the  two  months  are  indicated  by  vertical  lines.   Since  there 
was  no  appreciable  difference  in  the  annual  minimums  between  the  two  forested 
areas,  only  temperatures  for  the  pine-hardwood  stand  are  plotted  for  February 
in  figure  2.  Compared  to  mean  air  temperature  for  February,  the  soil  aver- 
aged approximately  3  colder  near  the  surface  but  at  a  depth  of  6  feet  it  was 
from  6  to  9  warmer.   Temperature  profiles  of  the  soils  for  August  illus- 
trate the  influence  of  vegetation  on  soil  temperatures  in  summer.   It  will  be 
noted  that  the  soil  temperature  differences  between  the  loblolly  pine  planta- 
tion and  the  broomsedge  field  were  appreciable  down  to  a  depth  of  about  3 
feet.  Below  that  depth  however,  the  temperature  differences  under  young 
forest  and  grass  were  relatively  small.   In  August,  the  soil  at  a  depth  of 
6  feet  under  vegetation  was  from  12  to  l4  cooler  than  mean  air  temperature, 
while  for  barren  conditions  it  was  6  cooler  than  mean  monthly  air  tempera- 
ture. At  a  depth  of  12  to  30  inches  the  barren  soil  was  as  much  as  2  warmer 
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Table  2. — Monthly  average  soil  temperatures  for  selected  depths  from 


B 


September  195O  through  October 

1951 

( 

In  deg 

rees  F 

.) 

UNDER  A 

40  TO 

50-YEAE-OLD 

SHORTLEAF  PINE-HARDWOOD 

STAND 

Depth 

• 

1950 

• 

1951 

(inches] 

:Sept. 

:  Oct. 

:  Nov. 

:  Dec. 

:  Jan. 

:  Feb. 

:  Mar. 

.'April 

:  May 

:  June 

:  July 

:  Aug. 

:Sept. 

:  Oct. 

2 

67.9 

62.5 

52.8 

45.8 

43.0 

42.6 

49.4 

54.5 

60.2 

66.7 

69.9 

71.3 

67.7 

62.7 

1/12 

68.6 

63.7 

56.0 

48.0 

44.2 

43.9 

50.1 

54.4 

59.7 

65.5 

69.4 

70.7 

68.6 

64.1 

18 

69.0 

64.5 

57.7 

50.0 

45.6 

44.9 

50.7 

54.6 

59.6 

65.1 

69.4 

70.6 

68.8 

65.0 

24 

68.0 

64.4 

58.2 

50.5 

45.7 

44.4 

49.8 

53.1 

57.9 

62.8 

67.2 

69.2 

68.3 

65.6 

36 

67.9 

65.4 

60.9 

53.3 

48.3 

46.6 

50.2 

53.1 

57.5 

61.6 

66.5 

68.2 

68.4 

66.9 

i+8 

68.2 

65.8 

61.8 

55.4 

49.5 

46.9 

50.5 

52.8 

56.4 

60.3 

65.0 

67.4 

67.2 

66.5 

60 

68.1 

66.2 

63.2 

57.7 

51.8 

49.4 

51.3 

53.1 

56.2 

59.6 

64.0 

66.2 

67.0 

66.7 

72 

66.6 

65.2 

63.4 

58.6 

52.2 

50.0 

50.6 

52.2 

55.0 

57.5 

61.5 

65.8 

66.6 

67.0 

UNDER  M   11 -YEAR 

-OLD  LOBLOLLY  PINE 

PLANTATION 

2 

68.9 

62.5 

51.2 

42.9 

42.6 

42.1 

48.7 

54.7 

64.0 

69.6 

72.8 

73.3 

69.3 

63.4 

12 

70.8 

65.2 

56.1 

46.7 

44.0 

44.0 

50.5 

55.0 

63.4 

68.9 

72.7 

73.9 

71.1 

66.0 

18 

71.4 

65.3 

58.3 

48.7 

45.6 

44.8 

50.8 

54.8 

62.9 

68.3 

72.4 

73.6 

71.4 

66.9 

2k 

70.6 

66.5 

58.9 

49.9 

45.7 

44.4 

50.3 

54.0 

61.3 

66.6 

70.6 

72.4 

70.7 

66.8 

36 

70.6 

67.2 

61.3 

52.7 

47.8 

45.6 

50.5 

53.3 

59.8 

65.1 

69.2 

71.6 

70.2 

67.7 

48 

71.1 

68.2 

63.6 

55.7 

50.3 

48.4 

51.2 

53.8 

59.6 

64.7 

69.0 

71.2 

71.3 

68.4 

60 

68.9 

67.4 

63.4 

56.4 

50.5 

48.2 

50.6 

52.4 

57.1 

61.6 

66.3 

68.2 

68.5 

68.2 

72 

68.8 

68.0 

64.9 

58.8 

52.8 

50.4 

51.4 

53.1 

56.8 

61.1 

65.5 

67.7 

68.2 

68.7 

UUDER  A 

BROOMSEDGE 

FIELD 

2 

70.8 

63.5 

49.7 

43.5 

42.9 

43.5 

52.4 

59.7 

70.4 

75.8 

77.9 

78.2 

72.3 

63.1 

12 

71.2 

65.3 

53.8 

46.2 

43.8 

44,9 

52.2 

57.9 

68.5 

73.9 

77.4 

77.8 

72.8 

65.5 

18 

71.9 

65.9 

55.8 

47.6 

44.8 

45.4 

52.2 

57.8 

68.0 

72.9 

77.1 

77.4 

73.4 

66.6 

24 

72.7 

67.4 

59.3 

51.2 

48.2 

47.8 

53.9 

58.3 

67.9 

72.3 

76.1 

77.0 

Ik. 3 

68.3 

36 

70.4 

66.7 

60.1 

52.4 

48.0 

47.0 

51.3 

54.9 

63.0 

67.6 

71.8 

73.3 

72.1 

67.7 

48 

70.3 

67.5 

62.6 

55.4 

50.3 

48.9 

51.8 

54.3 

61.1 

65.8 

69.7 

71.7 

71.4 

68.5 

60 

69.9 

68.1 

64.3 

58.2 

52.2 

50.6 

52.2 

54.4 

59.9 

64.7 

68.4 

70.0 

70.8 

68.9 

72 

68.6 

67.8 

65.0 

59.9 

53.8 

51.4 

52.1 

53.8 

58.3 

62.1 

66.5 

68.0 

68.6 

68.6 

UTOER  A 

BARREN 

ERODED  AREA 

2 

70.5 

60.9 

43.7 

40.4 

40.0 

41.0 

49.4 

57.3 

69.2 

75.1 

78.1 

77.2 

71.1 

57.2 

12 

7^.5 

65.8 

51.9 

44.0 

42.6 

44.1 

51.4 

57.7 

70.6 

76.8 

80.2 

80.7 

74.9 

68.4 

18 

77.0 

68.4 

56.6 

47.4 

45.8 

46.6 

53.5 

59.1 

71.6 

77.5 

81.3 

82.0 

77.6 

67.8 

24 

77.5 

69.2 

59.0 

49.6 

47.3 

47.0 

53.5 

58.1 

70.6 

76.5 

80.6 

81.2 

77.8 

71.5 

36 

76.9 

70.0 

62.1 

52.8 

48.7 

47.8 

52.7 

56.4 

67.5 

73.1 

78.2 

78.8 

77.1 

72.2 

48 

76.5 

70.9 

64.2 

55.9 

50.4 

49.2 

52.6 

55.6 

65.0 

70.4 

76.2 

77.3 

76.8 

72.4 

60 

76.4 

72.1 

66.7 

59.3 

52.9 

51.2 

53.4 

56.3 

64.1 

69.4 

74.7 

75.9 

76.8 

73.6 

72 

75.4 

72.1 

67.7 

61.6 

54.7 

52.4 

53.7 

55.9 

62.5 

67.9 

71.9 

74.3 

75.2 

73.5 

1/  Average  of  temperatures  at  10  and  l4  inches. 
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Figure  2. --Average  temperature  of  the  soil  to  a  depth  of  6  feet  under  a  short- 
leaf  pine-hardwood  stand,  a  loblolly  pine  plantation,  a  broomsedge 
field,  and  a  barren  axea,  for  February  and  August  1951-  Mean  air 
temperatures  at  a  nearby  weather  station  are  indicated  by  the  ver- 
tical lines. 
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Figure  3. — Range  in  temperature  between 
February  and  August  1951,  by  soil  depths 
for  each  site. 


than  mean  air  temperature  (fig.  2). 
In  general,  the  temperature  gradient 
throughout  the  upper  6  feet  of  soil 
at  all  sites  tended  to  he  linear  with 
respect  to  depth,  although  in  the  up- 
per l8  inches  of  barren  soil  there 
was  a  marked  decrease  in  temperature 
with  nearness  to  the  surface.   Unpub- 
listed  data  at  this  station,  of  hour- 
ly soil  temperatures  for  a  24-hour 
period  in  summer,  showed  that  the 
daily  fluctuation  was  generally  limit- 
ed to  about  the  upper  l8  inches  of 
soil.   In  addition,  daily  minimums  in 
the  l8-inch  zone  of  barren  areas  tend- 
ed to  occur  between  6:30  and  8:30  a.m. 
Consequently,  the  daily  observations 
at  the  barren  site  were  made  when  the 
soil  was  probably  near  its  minimum 
temperature  in  the  upper  foot  or  so 
and  would  thus  account  for  the  lower 
temperatures  upward  from  the  l8-  to 
2-inch  levels. 

A  comparison  of  the  range  of 
average  soil  temperatures  between  Feb- 
ruary and  August  is  illustrated  in 
figure  3.   For  barren  conditions,  the 
annual  range  in  soil  temperature  was 
36  at  2  inches  depth  and  22  at  a 
depth  of  6  feet.  At  the  same  depths 
under  the  pine -hardwoods,  the  tempera- 
ture range  was  approximately  29  and 
16  respectively.  Under  young  pines 
and  grass  cover  the  yearly  range  of 
soil  temperature  was  intermediate  be- 
tween the  above  values. 


Warming  Period 

The  effect  of  vegetation  on  soil 
temperatures  was  noticeable  throughout 
the  year.   One  effect,  was  smaller  dif- 
ferences in  soil  temperature  between 
successive  months  with  increasing  amounts 
of  vegetation.   Seasonal  changes  in  tem- 
perature profiles  are  illustrated  in  fig- 
ures h   and  5  for  the  four  cover  condi- 
tions. Monthly  average  soil  temperatures 
were  plotted  by  depth  for  two  periods: 
one  in  which  the  soil  was  warming  (fig. 
h)   and  the  other  when  the  soil  was  cool- 
ing (fig.  5).   Soil  heating  began  in 
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Figure  k. — Monthly  average  soil  temperatures  from  February  through  August  1951, 
showing  the  seasonal  heat  gain  throughout  the  upper  6  feet  of  soil. 
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Figure  5. — Monthly  average  soil  temperatures  from  September  1950  through  February 
1951,  showing  the  seasonal  heat  loss  throughout  the  upper  6  feet  of 
soil.  Shaded  lines  indicate  the  approximate  upper  and  lower  boundaries 
of  depth  zones  undergoing  the  greatest  heat  loss  for  the  season. 
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February  at  exposed  sites,  and  in  March  at  the  forested  areas  (table  2). 
By  the  end  of  March,  temperatures  in  the  entire  6  feet  of  soil  had  in- 
creased from  several  degrees  near  the  surface  to  about  1  at  a  depth  of 
6  feet  (fig.  h) ,     The  period  of  maximum  soil  heating  is  marked  by  the 
widest  divergence  between  successive  monthly  temperature  profiles  in 
figure  k.      Under  exposed  conditions  (fig.  hC   and  D)  the  upper  6  feet  of 
soil  warmed  most  rapidly  in  May  as  did  the  upper  5  feet  of  soil  under 
the  young  pines  (fig.  4b).  At  the  barren  area,  for  example,  the  upper 
3  feet  of  soil  was  from  11  to  13  warmer  and  the  6  foot  depth  about  7 
warmer  in  May  than  it  was  in  April.  Values  for  the  broomsedge  site  were 
somewhat  less.   Under  the  young  loblolly  pines,  the  first  5  feet  of  soil 
was  5  to  9  warmer  in  May  than  in  April,  while  the  soil  at  6  feet  warmed 
the  most  in  July  with  an  increase  of  h,k     over  June  temperatures.  Under 
older  forest  cover,  the  upper  2  feet  of  soil  warmed  most  rapidly  in  June, 
with  an  increase  of  5  to  6  above  May  temperatures.  An  increase  of  about 
^.5   in  July  marked  the  maximum  heating  from  2  to  nearly  6  feet.   At  the 
6-foot  depth,  the  soil  warmed  the  most  in  August,  with  an  increase  of 
h,^     above  the  average  temperature  in  July  (fig.  ^A). 


Cooling  Period 

Monthly  temperature  profiles  in  figure  5  show  the  decrease  in  tem- 
peratures in  the  upper  6  feet  of  soil  during  the  fall  and  winter  beginning 
in  1950.   In  general,  the  outflow  of  heat  from  the  soil  began  in  September. 
By  the  end  of  October  the  soil  had  cooled  to  a  depth  of  6  feet  where  the 
decrease  in  temperature  varied  from  0.8°  at  the  loblolly  pine  stand  to  3.3° 
at  the  barren  site.   The  maximum  loss  of  soil  heat  in  the  fall  and  winter 
period  extended  more  gradually  with  depth  and  the  advance  of  season,  in 
contrast  to  the  rapid  warming  of  the  soil  profiles  that  occurred  in  the 
spring.   This  lag  with  depth  in  the  occurrence  of  maximum  heat  loss  is  in- 
dicated in  figure  5  by  the  enclosed  areas  between  adjacent  temperature  pro- 
files, with  the  approximate  upper  and  lower  boundaries  of  given  depth  zones 
shaded  to  mark  the  largest  differences  in  soil  temperatures  between  succes- 
sive months.   In  November,  the  maximum  loss  of  heat  reached  a  depth  of  12 
inches  under  forest  cover  and  a  depth  of  18  inches  at  exposed  sites.  For 
the  above  zones,  the  decrease  in  soil  temperatures  was  about  9°  "to  11°  under 
forest  and  10°  to  17°  for  grass  and  barren  areas  from  October  to  November. 
For  the  greatest  portion  of  each  soil  profile,  the  maximum  loss  of  heat  oc- 
curred in  December,  with  temperatures  ranging  from  6°  to  9°  lower  than  in 
November.  December  cooling  was  most  rapid  at  the  pine  plantation,  where  the 
1  to  6 -foot  depth  cooled  a  maximum  amount  by  the  end  of  the  month.  Under 
the  older  forest  stand,  the  maximum  cooling  of  the  soil  in  December  was 
limited  to  the  1  to  k-toot   zone,  while  the  remaining  2  feet  cooled  most 
rapidly  in  January  (fig.  5A  and  B).  At  the  exposed  sites,  the  soil  from 
I-I/2  to  5  feet  cooled  the  most  in  December  and  the  6-foot  depth  in  January 
(fig.  5C  and  D). 

There  were  two  periods,  one  in  the  spring  and  one  in  the  fall, 
when  there  was  very  little  variation  of  soil  temperature  with  depth. 
This  condition  indicates  that  inflowing  radiant  heat  to  the  upper  soil 
layers  was  tending  to  reach  equilibrium  with  outflowing  energy  from  the 
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subsoil.  For  the  warming  period,  the  upper  6  feet  of  soil  approached  a 
constant  temperature  in  March  and  April.   Under  the  pine-hardwood  stand, 
the  least  variation  with  depth  occurred  in  March  and  was  1.9°  (fig.  ^A) , 
while  for  barren  conditions  it  occurred  in  April  and  was  3.5°  (fig.  ^D). 
For  the  cooling  period,  soil  temperature  variations  with  depth  were  least 
in  September,  with  a  range  up  to  3°  for  forested  areas  (fig.  5A  and  b) 
and  6°  to  7°  for  exposed  sites  (fig.  %   and  D). 

DISCUSSION  AND  APPLICATIONS 


The  major  differences  in  soil  temperature  among  the  four  sites 
reported  here  are  attributed  essentially  to  the  kind  and  amount  of  plant 
cover.  The  temperature  of  the  soil  depends  primarily  upon  its  ability 
to  absorb  or  lose  heat.  Heat  gains  are  produced  directly  or  indirectly 
by  radiant  energy  from  the  sun.  Plant  cover  reduces  the  range  of  soil 
temperatures.  Maximum  temperatures  are  decreased  by  shade,  and  minimum 
temperatures  are  generally  increased  because  vegetation  allows  less  long- 
wave radiation  from  soil  to  sky  than  would  occur  from  barren  areas. 
Greater  nocturnal  radiation  from  the  barren  soil  compared  to  the  broom- 
sedge  field  was  probably  one  reason  for  the  lower  monthly  average  soil 
temperatures  at  the  2-inch  depth  for  that  site  (table  2C  and  D). 

Although  vegetation  exerts  its  primary  effect  on  soil  temperatures 
by  influencing  radiation,  there  are  Indirect  effects  which  are  due  to  the 
type  of  plant  cover.  Among  these  is  the  moisture  content  of  the  soil. 
According  to  Crawford  (h) ,   a  change  in  the  amount  of  water  present  in  the 
soil  will  alter  all  its  thermal  properties.  Dry  soil  has  low  heat  con- 
ductivity because  of  poor  contact  between  the  particles,  with  the  result 
that  temperature  decreases  rapidly  with  depth.  Moisture  improves  the 
contact  between  particles,  and  conductivity  increases.   The  specific  heat, 
however,  also  increases  so  that  the  actual  rise  in  temperature  is  small. 
For  the  cover  conditions  reported,  the  resistances  of  the  fiberglas  ele- 
ments in  August  indicated  that  soil  moisture  had  been  depleted  to  the 
wilting  point  under  forest  vegetation  but  was  well  above  that  limit  under 
grass  and  barren  sites,  at  least  in  the  3  to  6  and  h   to  6-foot  depth 
zones.   It  is  quite  likely  that  the  higher  moisture  content  of  the  exposed 
sites  materially  aided  the  inflow  of  heat  in  the  summer  and  was  largely 
responsible  for  the  greater  depths  to  which  the  annual  maximums  penetrated 
in  August  compared  to  the  forested  areas  (table  2).  Although  the  subsoil 
was  relatively  wet  at  the  barren  and  broomsedge  areas  in  August,  the  upper 
2  or  3  feet  was  dry.   The  lower  heat  conductivity  of  this  drier  soil  in 
the  upper  layers  may  have  accounted  for  the  delay  in  the  occurrence  of 
maximum  heat  loss  at  the  exposed  sites  in  the  winter  period  (fig.  5). 
Differences  in  the  thermal  properties  of  sand  and  clay  would  account  for 
^some  of  the  temperature  variations  among  the  sites  at  the  2-inch  depth, 
particularly  between  the  barren  and  grass  areas.   Sand  for  example,  has 
a  lower  specific  heat  by  volume  than  clay,  and  when  dry,  will  heat  more 
rapidly.   Organic  matter  has  a  lower  specific  heat  than  either  sand  or 
clay  (4).   Consequently,  the  upper  levels  of  the  sandy  topsoil  layer  at 
the  broomsedge  field  would  tend  to  heat  more  rapidly  in  summer  and  cool 
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faster  in  winter,  as  compared  to  the  layer  of  clay  near  the  surface  at  the 
barren  area.  At  the  forested  sites  the  effect  of  organic  matter  in  the      • 
forest  floor  would  "be  obscured  by  the  influence  of  the  canopy  overhead. 

Much  of  the  usefulness  of  soil  temperature  information  lies  in  evalu- 
ating its  effects  upon  root  growth.   Such  evaluation,  however,  is  inherently 
complex  since  the  process  of  growth  itself  is  complicated  and  the  study  of 
roots  in  place  has  many  limitations.   It  is  known,  however,  that  plant  roots 
elongate  rapidly  at  favorable  soil  temperatures.  Barney  (_l)  found  that  the 
primary  roots  of  2-l/2-week-old  loblolly  pine  seedlings  grew  most  rapidly 
between  68°  and  77°.   Growth  continued  at  kV^   and  95°  but  was  less  than  10 
percent  of  the  maximum  rate.   Contrary  to  common  opinion,  it  is  possible 
that  the  roots  of  many  forest  trees  are  not  necessarily  dormant  during  the 
winter  months  but  may  continue  to  grow  when  the  soil  temperature  rises  above 
a  minimum  of  approximately  41°.   Assuming  that  the  upper  and  lower  tempera- 
ture limits  for  root  growth  found  by  Barney  (_l)  are  applicable  to  the  pine 
stands  reported  in  this  study,  temperatures  in  the  upper  6  feet  of  soil 
would  seldom  limit  root  growth.  February  for  example,  was  the  coldest  month, 
but  soil  temperatures  averaged  1°  or  more  above  the  lower  limit  at  the  2-inch 
depth.  At  greater  depths  the  temperatures  of  the  soils  were  increasingly 
favorable  for  root  development.  At  a  depth  of  5  and  6  feet  the  minimum  tem- 
perature at  all  sites  ranged  from  ^8°  to  52°,  which  is  well  above  the  k-1^ 
minimum  for  root  growth.   On  the  other  hand,  the  optimum  temperatures  for 
root  elongation  occurred  from  June  to  October.   It  is  pointed  out,  however, 
that  root  growth  in  summer  may  frequently  be  curtailed  by  inadequate  supplies 
of  soil  moisture. 

Although  this  study  was  not  designed  to  determine  soil  temperature 
effects  upon  root  growth,  the  temperature  information  provided  may  be  help- 
ful in  soil  management  on  Piedmont  lands.  For  one  thing,  only  near  the  sur- 
face is  the  temperature  of  barren  heavy  clay  soils  too  high  for  satisfactory 
root  growth.   In  the  upper  2  feet  of  the  barren  soil,  temperatures  in  July 
and  August  ranged  up  to  several  degrees  above  the  optimum  for  root  growth. 
Temperatures  at  the  surface  of  such  land  may  reach  extreme  proportions.  At 
a  site  comparable  to  the  one  reported  here,  maximum  summer  temperatures 
have  been  measured  as  high  as  136°  at  a  depth  of  l/k   inch.  For  a  15-day 
period  in  July  (l950)  the  average  daily  maximum  at  l/if  inch  was  119°  ( £) . 

But  mulch  of  hay  or  pine  boughs  is  sufficient  to  reduce  these  sur- 
face soil  temperatures  to  a  level  that  permits  root  growth.  Apparently  a 
density  of  living  cover  similar  to  average  old  field  broomsedge  is  suffi- 
cient to  prevent  damaging  surface-soil  temperatures.  Such  a  cover  can  be 
obtained  from  cool-season  plants  such  as  winter  ryegrass,  oats,  vetch  or 
crimson  clover.   These  plants  can  be  established  on  most  barren  areas  by 
fall  sowings  which  are  limed  and  heavily  fertilized.  By  making  their  growth 
during  cool  weather,  these  cover  crops  escape  high  soil  temperatures  and  if 
they  are  allowed  to  stand,  their  dead  foliage  shades  the  soil,  permitting 
establishment  of  summer  growing  species.  Whether  it  is  cheaper  to  use  a 
mulch  of  dead  plant  material  or  establish  a  cover  crop  depends  upon  acces- 
sibility, labor  costs,  etc.,  but  either  system  will  reduce  the  damaging 
high  temperatures  to  a  safe  level.   Some  such  measure  is  recommended  be- 
fore barren  sites  are  planted  to  trees. 
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Temperature  data  from  this  study  may  also  aid  investigations  of  tree 
root  growth.   The  fact  that  subsoil  temperatures  do  not  limit  root  exten- 
sion during  winter  may  explain  the  penetration  of  pine  roots  into  compact 
soil  layers.  During  the  winter  such  soil  layers  are  moistened  and  may 
allow  roots  to  grow  into  and  through  them,  but  in  summer  the  same  soils 
are  drier  and  often  too  dense  to  allow  penetration. 

Soil  temperatures  also  influence  moisture  gradients  in  the  soil.   It 
is  intended  to  explore  this  subject  in  an  analyses  of  soil  moisture  records, 


SUMMARY 


Temperatures  are  reported  for  the  upper  6  feet  of  soil  under  four 
site  conditions  in  the  South  Carolina  Piedmont  from  September  1950  through 
October  1951.   The  data  were  obtained  as  part  of  the  procedure  of  determin- 
ing soil  moisture  by  the  electrical  resistance  method  at  a  barren  site,  a 
broomsedge  field,  an  11-year-old  loblolly  pine  plantation,  and  a  kO   to  50- 
year-old  shortleaf  pine-hardwood  stand.  Daily  observations  of  temperature 
at  selected  depths  in  the  profiles  were  averaged  by  months  and  presented 
in  tabular  and  graphical  form. 

Presence  of  vegetation  had  the  greatest  effect  on  soil  temperatures 
in  summer,  with  profiles  tending  to  be  progressively  cooler  from  barren  to 
high  forest  conditions.  Soil  temperatures  were  generally  lowest  in  Febru- 
ary and  highest  in  August.  Soil  heating  to  a  depth  of  6  feet  began  in 
March  and  ended  in  September  or  October.  Under  barren  conditions  the  soil 
at  a  depth  of  l8  inches  averaged  about  k'J     in  February  and  82  in  August, 
while  under  the  pine-hardwood  stand  the  temperatures  were  ^5  and  71  res- 
pectively. At  a  depth  of  6  feet,  soil  temperatures  in  February  were  from 
50  to  52  regardless  of  cover  conditions.   In  August,  the  temperatures  at 
6  feet  ranged  from  about  66     under  forest  cover  to  'Jk     for  barren  condi- 
tions. Annual  extremes  of  soil  temperature  occurred  up  to  2  months  later 
than  mean  air  temperature  extremes.  There  was  also  a  lag  of  from  1  to  2 
months  in  the  occurrence  of  the  annual  extremes  with  depth. 

The  significance  of  the  data  is  discussed  in  the  light  of  known 
effects  of  temperature  on  root  growth.  For  conditions  reported,  the 
roots  of  loblolly  and  shortleaf  pine  may  grow  throughout  the  year.   The 
high  soil  temperatures  that  preclude  root  growth  on  barren  areas  are 
apparently  confined  to  a  thin  zone  near  the  surface.   Living  cover  similar 
to  an  average  broomsedge  field  is  believed  sufficient  to  markedly  reduce 
these  surface  soil  temperatures.   It  is  suggested  that  winter  cover  crops 
be  planted  on  barren  areas  as  a  means  of  reducing  high  soil  temperatures 
before  such  sites  are  planted  to  trees. 
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LOGGING  METHODS  AND  COSTS  IN  THE  SOUTHERN  APPALACHIANS 

by 

Robert  A.  Campbell 
Southeastern  Forest  Experiment  Station 


INTRODUCTION 


Most  timber  operators  have  a  fair  idea  of  their  total  logging  costs 
but  have  not  taken  the  time  to  examine  the  separate  cost  components.   Con- 
sequently^ they  do  not  know  where  to  start  reducing  costs  when  T:he  profit 
margin  shrinks  below  the  acceptable  limit.   Logging  factors  such  as  tree 
size^  specieS;  accessibility,  type  of  equipment,  and  method  of  operation 
are  all-important  in  determining  final  costs;  hence  the  effect  of  each 
should  be  known  to  the  appraiser  and  operator.   Furthermore,  logging  cost 
information  by  tree  size  is  needed  before  the  financial  maturity  of  a  tree 
or  a  stand  can  be  determined. 

Formal  study  of  logging  costs  in  the  Southern  Appalachian  region  is 
not  new.   Most  of  the  early  studies,  however,  are  no  longer  useful  because 
of  radical  changes  in  equipment  and  methods.   In  some  cases  results  were 
expressed  in  terms  of  dollars  and  cents,  and  were  of  value  for  a  few  years 
only--until  wage  rates  and  other  costs  changed.   In  19^6  Shames  (8)  pre- 
sented the  results  from  a  single  but  not  necessarily  average  operation  in 
this  region.   The  present  study  is  more  complete  in  showing  how  production 
costs  vary  between  species  or  species  groups,  and  in  comparing  the  cost  of 
alternate  methods,  so  that  an  operator  can  choose  the  best  method  and  the 
most  suitable  equipment  for  his  own  conditions. 

The  results  reported  here  are  based  on  studies  of  some  thirty  dif- 
ferent logging  operations  conducted  within  a  75-inile  radius  of  Asheville, 
N.  C,  from  19^7  to  1952. 


NATURE  OF  STUDY 


The  object  of  the  study  was  to  determine  the  relationship  of  species, 
tree  size,  type  of  equipment,  alternate  methods,  and  other  factors  to  the 
time  required  for  felling,  bucking,  sKidding,  loading,  and  hauling  of  Appa- 
lachian species--largely  hardwoods.   The  study  includes  a  comparison  of  hand 
and  power  log  making,  team  and  tractor  skidding,  hand  and  power  loading  and 


truck  hauling  over  different  classes  of  roads.   Stand  volume  cut  or  left 
was  not  included  as  a  study  item. 

As  indicated  above,  these  studies  were  made  on  many  different  log- 
ging chances  representing  all  types  of  operators  and  job  sizes.   Most  of 
the  studies  included  samples  taken  at  different  seasons  so  that  seasonal 
effects  were  averaged.   When  the  first  hand-felling  studies  were  started 
in  19^7,  power  saws  were  just  coming  into  use  (3.)j  consequently,  they 
were  not  studied  then.   However,  they  were  carefully  studied  in  1951  and 
1952.   Team  and  tractor  skidding  were  likewise  Studied  at  different  times, 
except  that  both  were  studied  on  the  same  job  when  possible. 

The  location  of  the  studies  ranged  from  flat  land  to  steep  moun- 
tainsides.  Differences  in  topography  usually  result  in  differences  in 
species  occurrence  also.   Consequently,  our  studies  included  all  of  the 
common  species  and  a  few  of  the  uncommon  ones.   Stands  of  mixed  hardwoods 
predominated,  however,  so  that  special  efforts  were  required  to  obtain 
data  on  such  species  as  white  pine.   The  types  of  equipment  used  and  the 
operating  methods  studied  were  the  ones  most  commonly  used.   Such  opera- 
ting methods  as  cable  logging  were  too  rare  and  expensive  to  justify  much 
study  time. 

A  check  study  of  seven  of  the  larger  logging  operations  'within  the 
study  area  was  made  just  before  publishing  this  report  to  compare  computed 
costs  with  current  contract  or  force-account  costs,  and  adjustments  were 
made  when  it  was  considered  advisable. 

For  practical  purposes  we  have  used  trees  of  average  height  for  a 
given  diameter  in  tabulating  felling  and  bucking  time  per  M  board  feet  by 
species  groups.   The  smaller  trees  averaged  only  one  log,  while  trees  2k 
inches  d.b.h.  and  over  contain  three  logs,   A  change  in  the  number  of  logs 
per  tree  compared  with  the  average  used  will  affect  time  and  costs.   More 
logs  will  reduce  the  time  per  M  board  feet,  and  fewer  logs  will  increase 
it. 

The  average  tree  volumes  used  in  this  report  are  derived  from  those 
computed  for  the  North  Carolina  Survey  Unit  No,  h    (mountain  area),  by  T.  C. 
Evans  of  the  Southeastern  Forest  Experiment  Station.   Different  average 
tree  volumes  will  also  change  the  time  and  cost  requirements  per  M  board 
feet,  for  felling  and  bucking  especially,  and  also  skidding  and  loading  to 
a  lesser  extent.   For  example,  an  increase  of  3O  board  feet  in  the  average 
tree  volume  at  ik   inches  d.b.h.  will  reduce  the  time  requirements  per  M 
board  feet  some  25  percent. 

Delay  times  were  the  usual  ones  encountered  on  the  job  and  do  not 
include  such  lost  time  items  as  storms  or  other  unusual  delays  exceeding 
an  hour.  Some  of  these  will  be  discussed  below  under  the  various  opera- 
tions. 

Throughout  the  study  the  International  l/U-inch  log  rule  is  the 
basic  unit  of  measurement.   All  time  and  cost  data,  unless  otherwise  in- 
dicated, are  per  thousand  board  feet  (hereafter  referred  to  as  M  b.f.). 
To  convert  these  data  to  Scribner  scale,  approximately  10  percent  more 
time  will  have  to  be  added  to  all  diameters.   See  table  77  in  Reynolds' 
publication  (6)  for  a  comparison  of  time  and  cost  for  the  various  log  rules 
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LOG  MAKING 


The  term  log  making  includes  felling^  limbing,  and  bucking.   This 
phase  of  the  study  covers  both  hand  and  power  equipment.   The  hand  equip- 
ment is  the  type  used  in  the  mountains  for  the  past  50  years  or  more.   It 
consists  of  a  two-man  crosscut  saw  5  "to  6  feet  long,  an  ax  (usually  double 
bitted),  a  pair  of  iron  wedges  and  an  iron  or  wooden  maul  for  driving  the 
wedges.   The  power  equipment  included  both  one-  and  two-man  gasoline-motor- 
driven  chain  saws,  but  even  the  one-man  saw  was  operated  by  two  men  in  the 
felling  stage.   Three  makes  of  power  saws  were  included,  but  comparison  of 
the  relative  efficiency  of  the  different  saws  was  beyong  the  scope  of  this 
study.   Crew  size  for  each  method  ranged  from  two  to  four  men.   Tree  dia- 
meters ranged  from  8  to  50  inches,  and  tree  length  ranged  from  one  to  five 
logs  per  tree. 

The  number  of  trees  cut  by  each  method  was  approximately  the  same 
(16^  by  hand,  I88  by  power),  and  species  distribution  was  also  similar. 
The  hand-tool  data  were  collected  on  I3  operations,  while  the  power  tools 
included  only  six  operations. 

Separate  time  was  kept  for  each  phase  of  the  operation  by  tree  and 
log  size.   While  the  pocket  watch  was  accurate  enough  for  hand  tools,  a 
stop  watch  was  used  with  power  saws.   Regression  analyses  were  made  for 
each  phase  of  log  making  and  then  combined  to  produce  the  times  shown  in 
table  1  for  each  tree  d.b.h.  class.   In  the  final  regression  equations 
given  below,  T  is  log-making  time  in  man-minutes  per  tree,  and  D  is  d.b.h. 
of  the  tree. 

Hand  methods,  hard  hardwoods: 

T  =  .ITD^  +  29.75  (I) 

Hand  methods,  pine  and  soft  hardwoods: 

T  =  .1J45D^  +  2^,1  (II) 

Power  methods,  all  species: 

T  =  .055D^  +  4.6  (III) 

The  final  terms  of  the  above  equations  include  average  delay  time, 
which  amounted  to  22.9  man-minutes  per  tree  for  hand  methods  (Equations  I 
and  11),  and  3,0  man-minutes  for  power  methods  (Equation  III). 

The  man-hour  requirements  shown  in  table  1  and  figure  1  are  for 
average  workers  in  average  timber,  with  no  lost  time  for  travel  or  bad 
weather.   Shames  (8)  found  such  lost  time  amounted  to  8  percent  of  the 
day's  total  time.   Costs  in  table  1  are  based  on  hourly  rates  which  are 
derived  in  tables  7  and  8  of  the  appendix. 

The  major  factor  affecting  log-making  time  was  the  type  of  equip- 
ment used.   Man-hour  requirements  for  log  making  with  power  saws  averaged 
only  about  one-third  those  for  hand  tools  (fig.  l),  while  dollar  costs  per 
M  b.f.  were  only  about  half  of  those  for  hand  tools  (table  l) . 
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Table  1. — Relation  of  tree  size  to  time  and  cost  of  felling,  trimming,  and 
bucking  trees  of  difference  species  groups  with  hand  and  with 
power  tools 

HAKD 


D.b.h. 
(inches) 


Hard  hardwoods 


Timi 
per 
tree 


'^ 


Vol. 

per 

tree 


Time 
per 
M  b.f. 


Cost 
per 
M  b.f. 


Pine  and  soft  hardwoods 


Time' 

per 

tree 


F 


Vol. 

per 

tree 


Time 
per 
M  b.f. 


Cost 
per 

M  b.f. 


Man- 
hours 

B.f. 

Man- 
hours 

_2/ 

Dollars 

3/ 

Man- 
hours 

B.f. 

Man- 
hours 

2/ 

Dollars- 

10 

_^ 

_^ 

__ 

__ 

.65 

40 

15.0 

14.25 

12 

-- 

— 

— 

_= 

.75 

80 

9.2 

8.75 

\h 

1.05 

70 

14.0 

13.30 

.88 

140 

(^,e 

6.25 

16 

1.22 

110 

10.8 

10.25 

1.02 

200 

5.2 

4.95 

18 

1.41 

160 

8.8 

8.35 

1.18 

280 

4.4 

4.20 

20 

1.63 

220 

7.6 

7.20 

1.36 

370 

3.8 

3.60 

2k 

2.13 

350 

6.2 

5.^0 

1.79 

560 

3.1 

2.95 

30 

3.0i^ 

590 

5.2 

4.95 

2.58 

910 

2.7 

2.55 

36 

i^.17 

800 

4.8 

4.55 

— 

— 

2.6 

2.45 

3/ 


POWER 


10 

— 

— 

— 

-- 

.162 

40 

3.50 

5.25 

12 

-- 

— 

-- 

-- 

.210 

80 

2.20 

3.30 

14 

.258 

70 

3.25 

4.90 

.258 

l40 

1.80 

2.70 

16 

.316 

no 

2.75 

4.10 

.316 

200 

1.60 

2.40 

18 

.375 

160 

2.40 

3.60 

.375 

280 

1.40 

2.10 

20 

.445 

220 

2.15 

3.20 

.445 

370 

1.30 

1.95 

24 

.590 

350 

1.75 

2.60 

.590 

560 

1.10 

1.65 

30 

.903 

590 

1.55 

2.30 

.903 

910 

1:00 

1.50 

36 

1.270 

860 

1.45 

2.20 

1.270 

-- 

.95 

1.40 

1/  The  time  data  are  based  on  two-man  crews  already  on  the  job. 

2/  Man-hours  are  curved  values  rounded  to  nearest  .10  m.h.  for  hand  and 
nearest  .05  m.h.  for  power  tools. 

3/  Dollar  costs  are  based  on  hourly  rates  of  $0.95  and  $1.50  for  hand 
and  power  tools  respectively,  and  are  rounded  to  near3st  5  cents  (see  appendix 
tables  7  and  8  for  derivation). 
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Figure  1. — Relation  of  felling,  trimming,  and  bucking  time  to  tree  size  for  different 
species  groups  and  for  hand  and  power  tools. 


For  a  given  type  of  equipment,  tree  size  had  the  most  important 
"bearing  on  log-making  time.   For  example,  the  time  for  all  species  for 
hand  methods  decreased  with  tree  size  from  9  hours  per  M  b.f.  for  lU- 
inch  trees  to  less  than  k   hours  for  36-inch  trees.  With  power  saws, 
tree  size  had  somewhat  less  effect  on  log-making  time  (2-3/^  man-hours 
for  l4-inch  trees  and  I-I/2  man-hours  for  36-inch  trees). 

The  above  relationships  are  for  ti'ees  of  average  merchantable 
height  for  their  diameter  class.  Within  a  given  diameter  class,  the 
tree  volume  and  number  of  logs  have  an  additional  effect  on  log-making 
time.   The  taller  the  tree  and  the  greater  its  volume,  the  less  is  the 
time  required  per  M  b.f.  for  log  making. 

The  third  factor  influencing  log-making  time  was  species  of 
tree.   The  major  variation  was  accounted  for  by  grouping  the  species 
into  (1)  hard  hardwoods,  and  (2)  pine  and  soft  hardwoods.   Time  re- 
quirements per  M  b.f.  for  a  given  diameter  class  were  about  twice  as 
high  for  hard  hardwoods  as  for  yellow  pine  and  soft  hardwoods  when  cut 
with  hand  tools.   Limited  data  indicate  that  time  requirements  for 
white  pine  are  similar  to  those  for  soft  hardwoods. 

Further  examination  of  the  data  showed  that  the  difference  be- 
tween species  groups  was  less  with  power  saws  than  with  hand  tools 
(fig.  1).   Since  felling  time  alone  was  about  the  same  for  all  species, 
group  differences  became  important  only  in  trimming  and  bucking  opera- 
tions. 
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The  difference  between  species  groups  is  much  greater  when  the  re- 
sults are  expressed  in  terms  of  man-hours  per  M  b.f.  than  as  man-hours  per 
tree.   The  reason  is  that  for  a  given  diameter  class,  the  pine  and  soft 
hardwood  group  has  a  considerably  higher  average  volume  per  tree  over 
which  to  prorate  the  log-making  time,  as  shown  in  table  1. 

Size  of  crew  was  an  important  factor  in  the  time  requirements  for 
log  making  with  hand  tools.   Our  observations  show  that  the  addition  of  a 
third  man  to  a  crew  is  rarely  profitable.   Lost  time  averages  more  per 
tree  with  three  or  more  men  than  with  two.   Consequently  three-  and  four- 
man  crews  increase  the  basic  man-hour  requirements  for  hand  tools  from  one- 
third  to  one-half. 

Contrary  to  the  findings  with  hand  too].s,  the  size  of  the  power-saw 
crew  had  little  effect  on  man-hour  requirements  per  M  b.f.  within  the  range 
of  crew  size  studied  (two  to  four  men).   However,  Weitzman  (ll)  found  a 
one-man  crew  to  be  more  efficient  than  a  two-m.an  crew  on  a  power-saw  opera- 
tion in  West  Virginia. 

Delay  time  is  more  important  for  power  than  for  hand  tools,  since 
the  fix'^d  cost  for  equipment  represents  a  much  larger  proportion  of  total 
hourly  costs  in  the  case  of  power  equipm.ent.   Delay  times  were  found  to 
average  much  less  in  the  case  of  power  saws. 

Incentive  appeared  to  play  a  large  part  in  the  output  of  power-saw 
crews.   Those  crews  working  by  the  hour  took  no  longer  to  cut  down  or  buck 
a  tree  than  those  working  at  a  contract  rate,  but  the  number  and  length  of 
delays  between  trees  was  much  higher  for  the  hourly  paid  employees. 

While  the  time  and  cost  data  shown  apply  to  average  conditions,  they 
must  be  increased  for  the  more  difficult  logging  chances.   Thus,  on  steep 
mountain  jobs  where  travel  was  difficult  and  trees  were  scattered  and  short, 
costs  were  found  to  be  double  or  even  triple  those  shown  in  table  1. 


SKIDDING 


When  this  study  was  started,  ground  skidding  was  the  only  accepted 
method  for  moving  logs  from  the  stump  to  the  mill  or  roadside  over  much  of 
the  Southern  Appalachian  area.   Since  then  a  few  cable  logging  jobs  have 
been  completed  but  they  are  quite  rare  and  usually  require  a  large  capital 
outlay.   Another  and  newer  method,  still  rare  in  this  area,  is  the  use  of 
the  arch  or  rubber-tired  sulky  pulled  by  a  tractor.   This  device  and  method 
is  being  used  on  the  Fernow  Experimental  Forest .i/ 

The  study  reported  here  sampled  the  most  common  types  of  motive  power 
now  in  use  in  the  Appalachians --teams,  light  tractors  (D2  and  TD6),  and 
medium  tractors  (Dh   and  TD9) .   The  range  of  conditions  sampled  for  each  type 
of  equipment  is  tabulated  as  follows. 


1/     A  part  of  the  Mountain  State  Research  Center  (Northeastern  Forest 
Experiment  Station),  with  headquarters  at  Elkins,  West  Virginia. 


Trips  .... 

Load  size 

Minimum  .  . 

Maximum  .  . 

Average  .  . 

Distance 

Minimum  .  . 
Maximum  .  . 

Average  slope 


.  .  number 

board  feet 
board  feet 
board  feet 

.  .  chains 
.  .  chains 

percent 


Team 

Light 
tractors 

Medium 
tractors 

335 

72 

60 

20 
800 
200 

200 
900 
1+75 

150 

1650 

650 

1 

16 

h 
20 

5 

50 

0-100 


0-UO 


0-50 


The  job  of  skidding  was  timed  in  five  parts:  (a)  hooking^  (b)  travel 
to  the  landing,  (c)  unhooking,  (d)  return  time,  (e)  delays.   Additional 
data  for  each  turn  included  diameter,  length  and  species  of  log,  length  of 
the  trip,  and  degree  of  slope. 

Separate  regression  analyses  were  made  for  travel  time  and  hooking 
time  for  each  type  of  equipment  with  various  distances,  load  sizes,  slopes, 
and  species  combinations.   Below  are  the  regression  equations  used  for  com- 
puting skidding  time  in  crew  minutes  per  trip  (T)  for  different  skidding 
methods : 

Team: 

T  =  i+,52  +  .67D  +  1.48  (VmDS)  +  .60  (VmDC)  +  I.6IL 

D2  and  TD6  tractors: 

T  +  6.54  +  .53D  +  1.08  (VmDS)  +  .338  (VmDC)+  4.40L 

Dlj-  and  TD9  tractors: 

T  -  .36  +  .94D  +  1.6L 

D  is  the  distance  in  chains --one  way 
L  is  the  number  of  logs 
S  is  sine  of  the  slope  in  degrees 
C  is  cosine  of  slope  in  degrees 
Vm  is  load  volume  in  M  b.f . 
Delay  time  is  included  in  the  initial 
constant  of  each  equation 


Only  the  variables  which  had  a  significant  effect  are  included  in 
a  given  equation.   Note  that  the  more  the  horsepower  the  fewer  the  im- 
portant variables;  with  ample  power  the  degree  of  slope  and  load  volume 
become  less  important. 


Skidding  time  (converted  from  minutes  per  trip  to  crew -hours  per 
M  b.f,)  for  the  three  types  of  equipment  are  compared  in  figure  2.   Although 
loads  of  different  board-foot  volume  are  shown,  the  diagram  is  restricted  to 
loads  of  two  or  four  logs  in  order  to  simplify  the  comparisons. 

Skidding  time  was  least  for  the  D^  and  TD9  tractors.   Teams  were  some- 
what faster  than  D2  and  TD6  tractors  except  for  larger  loads  skidded  over 
long  distances  (fig.  2). 

But  skidding  time  per  M  b.f .  is  not  the  whole  story,  nor  is  it  the 
answer  desired  by  the  operator  or  the  timber  appraiser.   Consequently,  crew- 
hours  were  converted  to  dollars  per  M  b.f.  and  are  illustrated  in  figure  3> 
In  this  figure  average  load  sizes  are  assumed  to  be  200,  ^00,  and  800  board 
feet,  while  full  loads  are  assumed  to  be  double  the  average  or  i^-OO,  800,  and 
l600  board-feet  for  team,  small  tractor  and  medium  tractor  respectively. 
Medium  tractors  were  consistently  the  cheapest  motive  power  for  all  distances 
and  load  sizes,  and  teams  were  second.   The  D2-class  tractor  doesn't  seem  to 
be  a  very  practical  machine  for  the  Southern  Appalachians.   In  skidding  costs 
it  ranks  a  poor  third  because  of  high  operating  cost  in  relation  to  its  speed 
and  load  size.   Subsequent  comparisons  with  respect  to  load  size,  distance, 
slope,  and  other  factors,  therefore,  will  be  made  only  between  the  team  and 
the  larger  tractors  (D4,  TD9}. 

Size  of  load  was  the  most  important  single  variable  studied  for  each 
type  of  equipment,  ranking  ahead  of  distance  as  a  cost  factor,  A  study  of 
the  data  in  figure  3  or   table  2  will  show  that  when  load  size  is  held  con- 
stand,  doubling  the  distance  increases  cost  per  M  b.f,  from  one-fourth  to 
three -fourths --averaging  one-half.   When  distance  is  held  constant,  halving 
the  load  size  more  than  doubles  the  cost  per  M  b.f.   This  matter  of  loading 
to  capacity  can  hardly  be  overemphasized  whether  for  team  or  tractor. 

Follov7ing  is  a  brief  summary  of  load  sizes  by  type  of  equipment  as 
found  in  this  study.   Team  loads  averaged  90  b.f,  for  227  trips,  all  of  which 
were  skidded  less  than  9  chains  and  up  to  20-percent  slope.   For  longer  trips 
and  steeper  slopes  the  loads  averaged  280  b.f,  for  27  loads.   For  78  dif- 
ferent trips,  timed  by  Shames  (8),  the  team  loads  averaged  225  b,f,  and  all 
but  four  of  these  were  skidded  less  than  7  chains. 

In  the  case  of  the  D^,  full  loads  up  to  16OO  b.f.  were  sometimes  skid- 
ded, but  the  average  load  for  all  60  trips  was  only  65O  b,f ,   Steep  slopes 
usually  prevent  maneuvering  for  full  loads.   There  was  also  a  tendency  to 
underload  on  the  short  hauls.   This  tendency  was  especially  noticeable  on  one 
job  where  for  23  trips  averaging  12  chains  or  less  and  12-percent  slope  or 
less,  an  average  of  only  3OO  b,f,  per  trip  was  hauled,  but  for  longer  trips 
and  steeper  slopes  on  this  same  job  the  loads  averaged  "jhO   b.f. 

Although  load  size  in  terms  of  board  feet  is  a  convenient  figure  to 
work  with,  tree  d.b.h.  and  its  relation  to  skidding  time  and  cost  is  much 
more  useful  to  the  timber  appraiser  and  the  more  skilful  timber  contractors. 
This  is  true  because  tree  size  is  basic  to  most  uses  of  logging  costs;  hence 
skidding  costs  are  desired  for  the  same  unit.   Tree  size  has  an  Important 
bearing  on  skidding  costs  because  the  small  logs  from  small  trees  limit  the 
board-foot  load  that  can  be  skidded  on  one  trip.   In  constructing  table  2 
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Figure  2. -Skidding  time  per  M  b.f.  on  20-percent  slope  for  various  load  sizes,  distances, 

and  for  two  types  of  equipment. 
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Figure  3. — Skidding  costs  per  M  b.f.  on  20-percent  slope  for  team,  D2-,  and  Di4-class 
tractors  with  average  and  full  loads. 

and  figures  3  and  k,   full  loads  of  small  trees  were  considered  to  be  six 
logs  for  the  team  and  eight  for  the  tractor.  Hooking  time  was  prorated 
for  the  appropriate  number  of  logs  per  trip.  Tractor  load  volumes  were 
limited  to  double  those  for  the  team,  which  is  conservative  though  in 
line  with  the  usual  practice  observed.  Minimum  team  (no  swamper)  and 
maximum  tractor  rates  were  used--the  latter,  because  mountain  logging 
usually  wears  out  such  equipment  faster  than  average  use. 

Difference  in  size  of  load  is  the  major  reason  for  the  difference 
in  cost  of  skidding  between  our  study  and  a  recent  TVA  study  (9).  We 
used  full  loads  for  all  tree  sizes  in  computing  team  and  tractor  costs, 
whereas  they  used  smaller  loads.   This  difference  resulted  in  skidding 
costs  double  or  triple  ours. 

A  study  of  figure  h   will  show  that  team  skidding  is  cheaper  only 
for  small  trees  and  short  distances,  and  then  only  when  no  swamper  time 
is  included.   The  addition  of  a  swamper  for  only  half  time  makes  tractor 
logging  cheaper  at  all  distances  for  trees  larger  than  l6  inches.  Even 
with  no  swamper  time  for  the  teams,  the  larger  trees  (20  inches  and  over) 
can  be  moved  cheaper  by  tractor  (d4  and  TD9).   The  fact  that  tractor 
loads  are  assumed  to  be  only  double  those  for  team,  whereas  they  could 
well  be  three  times  the  team  load,  makes  the  tractor  showing  rather  con- 
servative in  these  comparisons.  Furthermore,  the  tractor's  economy  is 
not  realized  with  small  loads.  Extremely  rough  ground  or  scattered  tim- 
ber will  also  result  in  higher  costs--up  to  double  those  shown  in  table  2, 
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Table  2. — Skidding  costs  per  M  b.f.  by  tree  size  on  20-percent  slope 


Team 

Medium  tractor 

Distance 
and  d.b.h. 

Load 
size 

Crew  time 

Cost  ati/  $1.85, 
all  species 

Load 
size 

Crew 
time 

Costi/at 

Hardwood  \   Pine 

$5.10 

B.f. 


Hours 


Hours 


k   chains 

12  inches 

200 

1.30 

1.20 

16   " 

250 

.95 

.85 

20   " 

300 

.80 

.70 

25   " 

300 

.70 

.55 

30   " 

1;00 

.55 

M 

36   " 

600 

M 

.30 

8  chains 

12  inches 

200 

1.60 

1.50 

16   " 

250 

1.20 

1.10 

20   " 

300 

1.05 

.90 

25   " 

300 

.95 

.75 

30   " 

il-00 

.80 

.60 

36   " 

600 

.70 

M 

16  chains 

12  inches 

200 

2.15 

2.05 

16   " 

250 

1.80 

1.60 

20   " 

300 

1.60 

1.35 

25   " 

300 

1.50 

1.10 

30   " 

1^00 

1.35 

.85 

36   •• 

600 

1.20 

.70 

32  chains 

12  inches 

-_ 

-_ 

— 

16   '• 

— 

— 

-- 

20   " 

— 

— 

— 

25   " 

-- 

-- 

-- 

30   " 

— 

— 

— 

36   " 

""• 

_  mm 

'" 

Dollars 


2.30 
1.65 
LhO 
1.15 
.90 
.75 


2.85 
2.15 
1.80 

1.55 
1.30 
1.00 


3.90 
3.15 
2.70 
2.1^0 
2.05 
1.75 


B.f. 


Hours    Dollars 


i;00 

.60 

3.05 

500 

.35 

1.80 

600 

.22 

1.10 

600 

.20 

1.00 

800 

.15 

.75 

1200 

.08 

.1+0 

1^00 

.75 

3.80 

500 

M 

2.30 

600 

.35 

1.80 

600 

.30 

1.55 

800 

.20 

1.00 

1200 

.15 

.70 

1+00 

1.05 

5.35 

500 

.70 

3.55 

600 

.55 

2.80 

600 

.50 

2.55 

800 

.35 

1.80 

1200 

.25 

1.25 

1+00 

1.1+0 

7.15 

500 

1.15 

5.85 

600 

1.00 

5.10 

600 

.90 

I+.6O 

800 

.65 

3.30 

1200 

M 

2.1+0 

1/  Values  rounded  to  nearest  5  cents.  For  derivation  of  hourly  costs,  see 
tables  8  and  11  in  the  appendix.   Team  cost  does  not  include  swamper.   Tractor  rates 
used  are  the  maximum. 


, 
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Actual  travel  time  per  M  b.f.  was  not  appreciably  affected  by  the 
number  of  logs  pulled  for  either  team  or  tractor.   It  was  only  in  the 
hooking  phase  of  skidding  that  the  number  of  logs  became  important.   Each 
additional  log  added  about  1.6  minutes  of  hooking  time  for  both  team  and 
large  tractors.   The  number  of  logs  for  teams  especially  and  for  tractors 
practically^  is  limited  by  the  number  of  sets  of  grabs  or  dogs  which  can 
be  dragged.   Three  sets  of  grabs  (or  enough  to  make  a  train  of  four  logs) 
was  the  usual  maximum  for  a  team^  and  five  sets  was  the  usual  limit  studied 
for  a  tractor.   Although  a  few  tractors  were  observed  carrying  more  than 
five  sets,  the  resultant  load  of  logs,  hitched  abreast  rather  than  tandem, 
knocked  down  an  undue  amount  of  reproduction  and  exposed  more  soil  to 
erosion  than  necessary. 

Steepness  of  slope  increased  the  skidding  time  per  M  b.f,  for  teams 
because  of  the  added  rest  time  required  by  the  team  when  returning  uphill. 
The  added  uphill  travel  time  of  the  team  is  not  offset  by  increased  down- 
hill speed.   There  is,  however,  an  offsetting  influence  of  steep  slopes  not 
covered  in  the  studies  reported  earlier,  and  that  is  on  load  size.   Larger 
loads  can  be  skidded  down  steeper  slopes,  although  this  principle  is  often 
overlooked  in  practice.   While  300  board  feet  may  be  a  capacity  load  for  a 
team  on  level  terrain,  1000  board  feet  may  not  be  a  full  load  when  the 
slope  is  100  percent. 

Tractor  skidding  time  per  M  b,f ,  did  not  increase  significantly  with 
increased  steepness  of  slope  up  to  kO   percent.   However,  manufacturers  do 
not  recommend  trying  to  operate  tractors  on  adverse  slopes  exceeding  50  per- 
cent, because  of  unsafe  operating  conditions  and  rapid  loss  of  tractor  effi- 
ciency. 

Species  composition  had  little  effect  on  skidding  time  except  for 
team  skidding.   Here  skidding  time  was  apparently  slightly  less  for  small 
loads  of  hard  hardwoods  than  for  pine  or  soft  hardwoods,  while  for  average 
loads  there  was  little  difference.   For  large  loads  (400  or  more  b.f.), 
team  skidding  time  was  about  one-third  less  for  pine  or  soft  hardwoods  than 
for  the  same  size  load  of  hard  hardwoods.   Species  composition  did  not  sig- 
nificantly affect  skidding  time  with  tractors. 

Delay  time  in  skidding  is  a  relatively  small  item  in  contrast  to  its 
importance  in  felling  and  bucking.   Total  delay  time  for  teams  averaged  2,8 
minutes  per  trip  compared  with  a  delay  time  average  of  2.1  minutes  per  trip 
for  all  sizes  of  tractors.   The  delay  times  include  only  those  connected 
with  the  working  time  and  do  not  include  delays  due  to  bad  weather  or  travel 
to  and  from  the  job.   Shames  (8)  found  the  latter  type  of  delays  amounted 
to  30  percent  of  the  total  possible  work  time.   Although  our  observations 
indicate  this  amount  is  probably  too  high,  an  increase  of  20  percent  in  the 
cost  data  shown  in  table  2  and  figures  3  and  h   would  be  justified. 

A  regular  ground  skidder  is  usually  much  cheaper  to  operate  on  uphill 
skidding  than  is  a  tractor  because  of  lower  hourly  cost  and  a  faster  take- 
up  drum.   Power  skidding  uphill  for  distances  up  to  6  chains  (^4-00  ft.)  can 
be  done  at  a  cost  roughly  comparable  to  that  shown  for  tractors  (Dk   or  TD9) 
skidding  downhill  the  same  distance.   Beyond  400  feet,  power  skidding  time 
and  cost  go  up  very  rapidly. 
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12  16  20  24 

DISTANCE    ONE    WAY   (CHAINS) 


32 


36 


4. --Skidding  costs  per  M  b.f.  for  tecim  and  D-k   class  tractor,  by  tree  size,  20-percent  slope. 


Data  furnished  by  the  Caterpillar  Co.  indicate  that  a  tractor 
equipped  with  a  sulky  and  logging  tree  length  loads  can  double  hourly 
or  daily  production  at  a  cost  increase  of  only  10  percent.   Observation 
and  tentative  data  from  the  Fernow  Experimental  Forest  indicate  that  soil 
damage  for  this  method  is  less  than  for  any  of  the  direct  skidding  methods 
studied. 


TRUCK  LOADING 


Truck  loading  by  hand  and  by  power  were  both  studied.   Truck  sizes 
ranged  from  I-I/2  tons  to  2-l/2  tons.   Hand  loading  was  all  from  natural 
banks  or  prebuilt  log  cribs.  No  team  or  cross-haul  loading  was  found. 
The  power  loading  was  all  done  by  means  of  a  "skidder-loader."  Such  a 
machine  is  commonly  constructed  of  scrap  material  by  a  local  shop  man 
and  roughly  resembles  the  "Loggers  Dream. "2/   It  usually  consists  of  a 
fairly  new  Ford  or  Chevrolet  motor  mounted  in  back  of  the  cab  of  an  old 
truck.  A  pole  A  frame  is  mounted  on  the  extreme  rear  end  of  a  truck. 
The  extra  motor  powers  a  single  drum  located  between  the  A  frame  and  the 
extra  motor  (fig.  5). 


2/  A  patented  machine  manufactured  by  the  Taylor  Machine  Works 
of  Louisville,  Miss. 
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Loading  is  done  with  the  aid  of  power  equipment  on  all  but  the 
smallest  operations.  Although  the  hand-loading  part  of  our  study  was 
rather  limited,  it  failed  to  show  any  radical  disadvantage  compared  with 
power  loading.  Probably  the  greatest  advantage  of  power  is  in  flat  coun- 
try where  bank  loading  points  are  nonexistent  or  so  far  away  that  skid- 
ding to  them  is  uneconomical.   In  the  mountains,  bank-loading  spots  can 
usually  be  found  without  much  difficulty,  and  power  loading  is  more  effi- 
cient only  in  coves,  in  other  level  topography,  or  when  logs  are  both 
skidded  and  loaded  by  the  same  machine. 

Power  loading  data  were  collected  for  29  loads  containing  a  total 
of  i^l5  logs  which  scaled  h^J   M  b.f.,  while  hand  loads  totaled  9.5  M  b.f. 
in  13  loads. 


Figure  5. --Power  loader  in  operation. 
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Loading  time  per  load  for  power  equipment  was  found  to  be  closely 
related  to  the  number  of  logs  per  load  and  the  volume  of  the  load  in  M 
b.f.  (fig.  6).   In  addition  there  are  the  relatively  fixed  time  elements 
of  binding,  unloading,  and  delay.   These  total  10  minutes  per  load  regard- 
less of  number  of  logs  or  size  of  load. 

The  extent  to  which  small  logs  increase  the  loading  time  per  M  b.f, 
is  shown  in  the  following  tabulation  from  figure  5;  using  a  constant  load 
volume  of  I5OO  b.f.: 


Load 

5  logs 
10  logs 
20  logs 


Man-hours 

1.2 

1.5 
2.1 


Man-hours  per  M  b.f. 

0.8 
1.0 
l,k 


Time  and  cost  data  for  other  load  sizes  and  number  of  logs  can  be  obtained 
by  computation.  Separate  computations  for  trees  of  the  two  species  groups 
were  made,  but  the  time  and  dollar  differences  were  so  small  that  only  the 
average  for  all  species  is  shown  in  table  3« 


TRUCK  HAULING 


Hauling  is  the  first  item  of 
logging  cost  to  be  discussed  which 
is  independent  of  tree  or  log  size, 
assuming  full  loads  are  being  hauled. 
Load  size  is  usually  limited  by  a  com- 
bination of  legal  load  restrictions 
and  the  quality  of  woods  roads.   It 
can  be  readily  seen  that  once  the  logs 
are  loaded  other  factors  than  log  size, 
such  as  type  of  road  and  distance,  are 
the  primary  factors  controlling  hauling 
costs.  Furthermore,  this  phase  is  the 
only  one  on  which  we  have  done  but  lit- 
tle original  work.  We  have,  however, 
checked  travel  time  by  road  types. 
Operating  costs  are  based  on  Reynolds' 
(7)  recent  studies. 

Truck  operating  expenses  have 
been  added  to  hourly  fixed  costs  pro- 
rated according  to  travel  time  and  the 
total  cost  computed  for  various  dis- 
tances. These  costs  and  the  correspond- 
ing travel  times  are  shown  in  table  h. 
Since  these  costs  are  not  appreciably 
affected  by  load  volumes  ranging  from  1 
to  2  M  b.f,,  the  user  should  remember  to 
divide  total  costs  by  M  b.f,  hauled  to 
get  costs  per  thousand  board  feet. 


2,0  M  B.F 

15  M  B  F- 

1.0  M  B.F. 


T" 


Fixed  time  per  load 
(Includes  binding,  unloading,  and  delay  tinsel    


20 

LOGS  PER  LOaO 


Figure  6. — Power  loading  time  per  M  b.f. 
for  trucks  carrying  loads  of  1,  I-1/2, 
and  2  M  b.f.,  as  affected  by  the  number 
of  logs  per  load. 


-  15  - 


Table  3» — Truck  loading  time  and  cost  with  power  loader  In  relation  to  tree 

size,  with  loads  of  one  M  b.f. 


D.b.h. 
(inches) 


Logs 
per 

M  b.f. 


.1/ 


Time- 
per  load 


Loading 
cost2/ 


Truck  stand-by 
cost  3/ 


Total  cost 
per  load-i/ 


12 
16 
20 
2k 
30 
36 


Number 

Crew-hours 

Dollars 

25 

.69 

1.90 

13 

M 

1.2U 

9 

.37 

1.02 

6 

.31 

.85 

k 

.27 

.7^^ 

2-1/2 

.24 

.66 

Dollars 

l.lU 

.61 

.51 
.k5 


Dollars 

3.05 
2.05 
1.60 
1.35 
1.15 
1.05 


l/  Loading  time  per  load  derived  from  regression  formula:   Time  in 
crew-minutes  per  load,  including  loading  and  unloading  =  ll.i+U  M  b.f.  +  1.2 
number  logs. 

2/  Loading  cost  is  based  on  a  machine  rate  of  $2.75  per  crew-hour 
(See  table  10). 

3/  Loading  time  in  crew-hours  multiplied  by  $1.65  per  hour  (includes 
driver)  for  truck  stand-by  time.   (See  table  11  for  derivation  of  truck  rate.) 

k/    Values  curved  and  rounded  to  nearest  5  cents. 


Table  k. — Truck  hauling  xlme  and  cost-^  per  trip 


Trip 

dlst. 

1  way 

(Miles) 


Total 

travel 

time 


2/ 


Woods  road 


Run^ 
expense 
at  $0.50 


^ 


Fixed- 
cost 
at  $1.65 


Total 
cost 


5/ 


2/ 


Total 

travel 

time 


Hard   surface  road 


Run^ 
expense 
at  $0.2i+ 


;f 


Fixed- 
cost 
at  $1.65 


Total 
cost 


5/ 


Hours 

-   -   - 

■     Dollars   - 

-    - 

Hours 

-    -    - 

Dollars 

-  -  - 

1 

.33 

.50 

.^h 

1.05 

.10 

.2k 

.16 

.40 

2 

.67 

1.00 

1.10 

2.10 

.20 

.48 

.33 

.80 

3 

1.00 

1.50 

1.65 

3.15 

.30 

.72 

.49 

1.20 

k 

1.33 

2.00 

2.20 

4.20 

Ao 

.96 

.66 

1.60 

5 

1.67 

2.50 

2.75 

5.25 

.50 

1.20 

.80 

2.00 

10 

3.33 

5.00 

5.50 

10.50 

1.00 

2.i|0 

1.65 

3.05 

15 

5.00 

7.50 

8.25 

15.75 

1.50 

3.60 

2.50 

6.10 

20 

6.67 

10.00 

11.00 

21.00 

2.00 

i^.80 

3.30 

8.10 

30 

-- 

-- 

-- 

— 

3.00 

7.20 

4.95 

12.15 

1;0 

'" 

—  — 

""" 

— 

i+.OO 

9.60 

6.60 

16.20 

1/  Time  and  cost  data  are  for  I-I/2-  or  2-ton  trucks.   Costs  per  trip  are  for 
loads  of  1  M  b.f.  and  should  be  increased  for  larger  loads. 

2/  Based  on  average  speeds  of  6  m.p.h.  on  woods  roads  and  20  m.p.h.  on  paved  roads, 

3/  Running  expenses  are  from  table  11  (appendix)  and  have  been  doubled  for  round- 
trip  values. 

h/     Fixed  costs  are  from  table  11. 

5/  These  are  costs  per  load  of  1  M  b.f.  and  are  rounded  to  nearest  5  cents. 
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It  has  been  found  that  hauling  time  per  mile  and  the  resultant 
cost  varies  inversely  with  the  hardness  of  the  road  surface  and  align- 
ment--other  conditions  remaining  equal.   Earlier  studies  (2^5_)  show 
travel  time  for  three  or  four  types  of  roads,   Reynolds'  report  (7)  shows 
cost  data  for  only  two--(a)  woods,  (b)  graded  dirt  or  better.   Shames 
data  (8)  indicate  approximately  equal  round-trip  speed  per  mile  for 
gravel  and  black-top  pavement.   Probably  two  road  classes  (highway  and 
woods)  are  adequate » 

Since  there  are  several  classes  of  woods  roads,  the  following 
brief  description  will  explain  our  version  of  a  woods  road.   Such  a  road 
is  only  roughly  graded-"but  not  surfaced.   Consequently,  it  is  not  an 
all-weather  road,  but  can  be  used  most  of  the  year  if  it  is  not  traveled 
during  or  immediately  following  rains.   Grades  are  generally  favorable 
to  the  loaded  truck.   Speeds  up  to  10  m.p.h,  are  possible  on  the  better 
stretches  but  speeds  of  3  to  8  m.p.h.  are  more  common.   Reynolds  (7) 
found  that  running  costs  per  mile  on  graded  dirt  or  better  roads  (includ- 
ing pavement)  are  approximately  half  of  those  for  woods  roads.   Although 
we  have  travel  time  for  lower  quality  roads  than  described  above,  we  do 
not  have  accompanying  operating  costs.   However,  we  did  increase  operating 
costs  for  mountain  dirt  roads  by  approximately  20  percent  over  Reynolds' 
data. 


TOTAL  LOGGING  COST  PER  M  B.F.  BY  TREE  SIZE 


It  is  recognized  in  appraisal  work  that  not  all  logging  costs  can 
be  assigned  on  a  tree-size  basis.   However,  since  the  basic  data  for  deter- 
mining average  tree  size  are  collected  while  cruising  and  marking  trees  for 
sale,  full  advantage  should  be  taken  of  this  information  to  make  a  more 
realistic  and  accurate  appraisal. 

There  are  several  factors  affecting  logging  cost  which  are  essenti- 
ally independent  of  tree  size.   These  factors  include:  weather,  which  in 
turn  affects  both  travel  time  and  work  time;  accessibility,  including  access 
to  the  sale  area  and  to  the  trees;  road  construction  cost  and  length  of  haul; 
supervision;  and  finally,  a  margin  for  profit  and  risk.   Since  these  factors 
are  not  directly  assignable  to  tree  size,  they  will  be  added  where  appro- 
priate in  the  following  set  of  costs  (tables  5a-,  5^))  for  mechanized  mountain 
logging  under  a  selected  range  of  conditions. 

It  is  assumed  that  power  saws,  tractors,  and  trucks  will  be  used  to 
good  advantage  by  experienced  workers,  under  the  normal  range  of  operating 
conditions  found  in  this  a.rea ,   An  indication  of  the  spread  of  costs  for  each 
operation  will  be  found  under  the  separate  columns  headed  easy  and  hard 
chance,  as  shown  in  tables  5a  and  5b. 

Although  a  range  of  conditions  is  covered  by  these  average  costs,  the 
range  is  by  no  means  complete.   Consequently,  an  appraiser  or  operator  who 
uses  the  data  will  have  to  exercise  judgment  in  applying  them  to  his  speci- 
fic case.   Thus,  while  time  and  costs  are  shown  for  both  pine  and  hardwoods, 
costs  for  mixtures  will  have  to  be  interpolated. 
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Delays  due  to  bad  weather  and  walking  to  and  from  the  job  were 
not  included  in  the  time  study  or  in  table  5»  Some  of  this  extra  time 
is  discussed  in  the  various  text  sections,  e.g.,  8  percent  for  log  mak- 
ing, 20  percent  for  skidding.  For  convenience  a  single  average  figure 
of  15  percent  could  be  added  to  total  costs  in  table  5  before  computing 
profit  and  risk.   If  logging  costs  are  desired  for  a  short  job  during 
the  winter  months,  then  all  costs  shown  should  probably  be  increased  by 
one-third  to  one-half  because  of  slower  travel  time  and  more  difficult 
working  conditions  in  the  woods. 

As  the  tree  size  increases,  costs  go  down,  at  least  within  the 
size  range  sampled  in  this  study.   If  variable  costs  only,  including 
felling,  skidding,  and  loading,  are  considered,  dollar  costs  per  M  b.f . 


Table  5a. — Logging  time  and  cost  per  M  b.f.  for  selected  tree  sizes,  methods,  and  distances 


Power  felling  and  bucking- 


.1/ 


Skidding  {Bk   tractor)^ 


Loading- 


Ing^ 


Tree 

d.b.h. 

(inches) 


Pine  or  soft  hardwoods 


37" 


Hard  hardwoods 


3  chains 


^ 


30  chains 


1  M  b.f. 


Time 


Easy 
chance 


Hard- 
chance 


Time 


Easy 
chance 


Hard- 
chance 


Time  :   Cost 


Time  :   Cost 


Time  :   Cost 


Man- 
hours 

-  -  Dollars  -  - 

Man- 
hours 

-  -  Dollars  -  - 

Crew 
hours 

Dollars 

Crew 
hours 

Dollars 

Crew 
hours 

Dollars 

12 

2.50 

3.75 

7.50 

U.O 

6,00 

12.00 

.54 

5.15 

1.37 

7.00 

.69 

3.05 

16 

1.70 

2.55 

5.10 

2.9 

'+.35 

8.70 

.32 

3.40 

1.10 

5.60 

.45 

2.05 

20 

1.30 

1.95 

3.90 

2.3 

3.^5 

6.90 

.20 

2.65 

.94 

U.80 

.37 

1,60 

2k 

1.10 

1.65 

3.30 

1.9 

2.85 

5.70 

.16 

2.20 

.79 

4.00 

.31 

1.35 

30 

.95 

l.UO 

2.80 

1.6 

2.40 

1+.80 

.13 

1.70 

.59 

3.00 

.27 

1.15 

36 

.90 

1.35 

2.70 

1.1+ 

2.10 

U.20 

.07 

1.20 

.hh 

2.25 

.24 

1.05 

1/  Time  read  from  curves  shown  in  figure  1.  Hourly  rate  of  $1.50. 

2/  Costs  read  from  figure  4.  Time  derived  by  dividing  costs  by  hourly  rate  of  $5.10. 

^     Loading  time  and  cost  are  from  table  3.  Hourly  rate  of  $2.75,  'but  dollar  column  includes  truck 
standby  cost  at  $1.65  per  hour. 

4/  Hard  chance  costs  are  twice  the  easy  ones  and  are  for  use  under  such  severe  logging  conditions 
as  steep  rocky  areas,  or  those  covered  with  dense  laurel. 
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Table  5b. — Total  cost  per  M  b.f.  for  selected  tree  sizes,  methods,  and  distances 


(in  dollars) 


IT" 

Road  bldg.-iA 

&  haulin^^ 


Tree 

d.b.h. 

(inches) 


Cost  of  felling,  bucking, 
skidding,  and  loading 


Pine  or  soft 
hardwoods 


Easy 
chance 


Hard 
chance 


Hard  hardwoods 


Easy- 
chance 


Hard 
chance 


Easy 
chance 


Hard 
chance 


Total  including  20-percent  margin- 


1n3/ 


Pine  or  soft 
hardwoods 


Easy 
chance 


Hard 
chance 


Hard  hardwoods 


Easy 
chance 


Hard 
chance 


12 

11.95 

17.55 

li|.20 

22.05 

k.03 

17.30 

19.08 

itl.82 

21.78 

it7.22 

16 

8.00 

12.75 

9.80 

16.35 

it. 05 

17.30 

lit.  1+6 

36.06 

16.62 

1+0.38 

20 

6.20 

10.30 

7.70 

13.30 

it. 05 

17.30 

12.30 

33.12 

lit. 10 

36.72 

2k 

5.20 

8.65 

6.U0 

11.05 

i+.05 

17.30 

11.10 

31.  lit 

12.5lt 

3it.02 

30 

4.25 

6.95 

5.25 

8.95 

it. 05 

17.30 

9.96 

29.10 

11.16 

31.50 

36 

3.6o 

6.00 

i^.35 

7.50 

it. 05 

17.30 

9.18 

27.96 

10.08 

29.76 

1/  Easy  road  building  cost  is  $600  for  1  mile.   This  sum  divided  by  the  cut  (6OO  M  b.f.) 
equals  fl.OO  per  M  b.f.  Cost  of  a  hard-chance  road  for  2  miles  is  $3000,  or  $5.00  per  M  b.f, 

2/  Easy  haul  cost  based  on  1  mile  woods  road  plus  5  miles  highway  ($3-05  total)  plus  $1.00 
for  road  building.  Hard  haul  cost  based  on  it  miles  woods  road  plus  20  miles  highway  ($12.30  total) 
plus  $5.00  for  road  building. 

3/  Profit  margin  includes  allowance  for  supervision. 


for  24-inch  trees  average  half  as  much  as  those  for  12-inch  trees  re- 
gardless of  species,  and  costs  for  36-inch  trees  are  only  one-third 
those  for  12-inch  trees.   These  cost  relationships  are  graphically  illus- 
trated in  figure  7.   Tree  d.b.h.  has  an  even  greater  effect  on  hand-log- 
ging costs  than  on  machine -logging  costs. 

Detailed  logging-cost  information  by  tree  size  has  another  impor- 
tant application  in  addition  to  stumpage  appraisals.   In  order  to  predict 
the  earning  power  of  standing  trees  of  known  growth  rate,  and  the  size  at 
which  they  are  financially  mature,  the  forest  manager  needs  to  know  among 
other  things  the  cost  of  conversion  for  different  tree  sizes.  The  informa- 
tion presented  here  will  provide  the  conversion-cost  data  needed  in  finan- 
cial maturity  computations. 
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X  Pine,  Soft  Hardwoods 
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20       24        28 
TREE  O.B.H.  (INCHES) 


32 


36 


Figure  7. — Power  logging  costs  per  M  b.f.  by  tree  size.  Based  on  easy-chance  data,  tables 

5a  and  yb.     Skidding  distance,  3  chains. 
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SUMMARY 


In  the  log-making  phase  of  this  study  it  was  shown  that  the  power 
saws  enabled  men  to  produce  logs  in  one-third  the  time  required  for  hand 
tools _,  and  at  one-half  the  cost.   These  savings  hold  for  "both  pine  and 
hardwoods,  and  for  most  diameters.   Tables  and  curves  of  time  and  cost 
per  M  b.f.  are  shown  for  various  tree  sizes,  for  two  species  groups,  for 
both  hand  and  power  methods , 

Skidding  time  per  M  b.f,  is  determined  chiefly  by  load  size  and 
secondarily  by  distance  traveled,  for  all  skidding  methods.   In  team 
skidding,  the  number  of  logs,  species  group,  and  slope  are  also  important 
factors.   As  a  general  rule,  teams  should  not  be  required  to  skid  trees 
averaging  l6  inches  d.b.h.  or  larger  and  they  should  not  skid  more  than 
15  chains  (lOOO  feet),  except  on  slopes  over  5O  percent,  where  tractors 
are  unsafe  and  inefficient.   Cost  tables  and  diagrams  for  both  team  and 
tractor  logging  for  selected  tree  sizes  and  distance  are  presented. 

The  skidding  phase  of  this  study  emphasizes  the  desirability  and 
economic  necessity  of  loading  to  capacity,  regardless  of  motive  power. 

Loading  time  per  M  b.f.  with  power  equipment  is  determined  largely 
by  number  of  logs  per  load  and  board-foot  volume  of  load.   Tables  of  load- 
ing time  and  cost  for  various  load  volumes  and  tree  sizes  are  presented. 
Hauling  time  and  costs  for  woods  and  highway  classes  of  roads  are  also 
shown. 

Variable  costs  (log  making,  skidding,  and  loading)  will  usually 
comprise  from  one-fourth  to  three-fourths  of  the  total,  depending  largely 
on  the  road-building  and  hauling  costs.   Detailed  tables  show  the  compo- 
nents of  total  logging  cost  by  tree  size  for  mechanized  operations  under 
easy  and  difficult  working  conditions.   Total  variable  costs  for  36-inch 
trees  are  only  one-third  and  for  24-inch  trees  only  one-half  the  costs 
for  12-inch  trees. 

Intelligent  supervision  is  a  necessity  particuliarly  in  mechaniz- 
ing logging.   The  use  of  large  crews  in  log  making  and  skidding  tended  to 
reduce  the  output  per  man.   Proper  work  planning  will  insure  full  utiliza- 
tion of  time  by  both  men  and  machines.   This  combination  will  make  logging 
both  easier  and  safer  for  the  worker  as  well  as  saving  money  for  the  opera- 
tor. 

Brief  statements  on  road  construction  costs  and  sawmilling  require- 
ments by  tree  size  are  given  in  the  appendix  section.   In  addition  the 
appendix  contains  tables  of  hourly  equipment  rates  for  sawing,  skidding, 
loading,  and  hauling.   These  may  be  used  in  recomputing  hourly  rates  where 
costs  are  different  from  those  given. 
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APPENDIX 


Road-Construction  Costs 

Mountain  roads  suitable  for  truck  travel  on  all. but  snowy  or  rainy 
days  and  immediately  thereafter  can  be  built  for  as  little  as  $300  per 
mile  in  favorable  locations.   Such  locations  include  those  with  moderate 
slopes  (up  to  20  percent),  practically  no  drainage  problems,  and  no  rocks 
or  a  few  loose  ones  per  mile.   Construction  costs  per  mile  for  mountain 
truck  roads  will  average  closer  to  $600  or  $700  per  mile,  however.   Sur- 
facing, even  with  local  creek  gravel  usually  costs  an  extra  $1000  to  $1500 
per  mile.  Road-construction  costs  increase  rapidly  as  the  slope  increases 
and  especially  as  the  amount  of  solid  rock  increases,  until  a  feasible 
limit  of  about  $2500  per  mile  is  reached  for  unsurfaced  graded  truck  roads. 
Somewhere  near  this  point  road  construction  costs  are  prohibitive  and  direct 
skidding  or  cable  logging  are  the  only  alternatives. 

On  the  Fernow  Experiment  Forest,  near  Elkins,  West  Virginia,  skid 
roads  suitable  for  tractor  and  sulky  use,  but  too  narrow  for  truck  use,  are 
built  for  approximately  $80  to  $250  per  mile  (lO). 


Sawmilling 

The  information  in  this  section,  as  in  the  one  on  roads,  is  included 
for  the  benefit  of  appraisers  and  to  complete  the  picture  of  logging  and 
milling  costs. 

A  recent  study  made  by  the  Forestry  Relations  personnel  of  the  Tennes- 
see Valley  Authority  (h)    included  58  mills  in  three  size  classes  well  distri- 
buted over  the  Tennessee  Valley,   In  the  small  mills  (those  with  h   men  and 
65  h.p.  or  less)  each  of  the  variables  studied  (species,  log  diameter,  and 
log  length)  were  important.   In  the  medium-size  mills  (those  with  6  men  and 
85  h.p.)  species  differences  were  less  important,  probably  because  of  an 
abundance  of  power.   Lost  time  is  very  important  to  all  classes  of  sawmills, 
as  pointed  out  by  Darwin  and  Thurmond  (U). 
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The  following  table  of  time  and  cost  per  M  b., f.  is  based  on  the  TVA 
study;  and  data  are  for  medium-size  mills  sawing  hard  hardwoods,^  Time 
for  lumber  grading,  stacking,  or  hauling  is  not  included  in  the  man-hours 
shown  below.   The  cost  data  are  derived  by  multiplying  the  crew  hours  by 
the  hourly  rate  of  $6.30  for  a  6 -man  crew. 


Table  6. --Sawmill ing  time-and-cost  data  per  M  b.f.,  by  tree  size 


Tree 

d.b.h. 

(inches) 


Av,  lo^ 
d.i.b. 


Crew  hours 


Milling  cost 


Total  cost. 


per  M  b.f.-'  :  per  M  b.f.l/  :  per  M  b.f ,- 


Inches 

Hours 

Dollars 

Dollars 

12 

9 

2.3 

14.50 

31.00 

16 

12 

1.7 

10.70 

24.30 

20 

15 

1.5 

9.50 

21,10 

2k 

18 

1.1 

6.90 

17.50 

30 

21 

1.3 

8.20 

20.00 

1/  Milling  time  only.   Time  and  cost  data  from  "Circular 
Sawmills  in  the  Tennessee  Valley  Region"  by  Paul  H,  Lane.   Forest 
Products  Research  Society  Proceedings  ^:    I7-23.   May  1951. 

2/  Difference  between  milling  cost  and  total  cost  consists 
of  capital,  materials,  and  overhead--including  handling. 


4/  In  this  study  they  found  that  pine  and  soft  hardwoods  cost  about 
10  percent  less  per  M  b.f.  to  saw  than  do  hard  hardwoods. 
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Table  7 > --Computation  of  total  hourly  cost  for  two-man  crosscut  crew 

Hourly  cost 

Investment 

2  axes  ($10.00)^  2  pair  wedges  ($5.00),  1  hammer 
($5.00),  2  crosscut  saws  ($20.00)  =  $i^0.00 

Fixed  cost  per  hour  (200  days  X  8  hours  =  l600  hours) 

Depreciation  $14-0.00  ^  l600  hours  $    .025 

Maintenance^/  _  .075 

Subtotal  $    .100 

Operating  cost  per  hour 

Wages, c 2  men  at  $0.80  $   1.60 

Plus  Soc.  Sec,  Workmen's  Comp.,  etc,  at  10^  .l6 

Subtotal  $   1.76 

Total  cost  per  crew  hour  $   1.86 

Cost  per  man-hour  (rounded)  $    .95 

Table  8. --Computation  of  total  hourly  cost  for  two-man  power-saw  crew 

Hourly  cost 

Investment  $^50  for  5  h.p.  ^0"  saw,  gas  can,  files,  etc. 

Fixed  cost  per  hour  (200  days  X  8  hours  =  160O  hours) 

Interest  at  6'^  on  1/2  of  investment  *  16OO  hours    $    .01 

Depreciation  of  $^50  *  16OO   /  .28 

Maintenance,  parts  and  labor—  .67 

Insurance  or  risk±/  .02 


Subtotal  $  .98 

Operating  cost 

Gas,  oil,  wedges,—'  etc.  $  .2^4- 

Labor,  2  men  at  $0.80  +  lO/o  (Social  Security,  etc.)  1.76 

Total  cost  per  crew  hour  $  2.98 

Cost  per  man-hour  (rounded)  $  I.5O 


1/  Details  of  maintenance  are  from  F.  C.  Becker,  Jr.  ( l) . 
2/  Based  on  data  from  R.  R.  Reynolds  (7). 
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Table  9 » -"Computation  of  total  ho_ur3jr  cj3_sjt_  f o_r^team  and  teamster 

Investment 

Team  and  harness  $300 

Average  life^  k   years.   Annual  depreciation      75 

Fixed  cost  (200  days  X  8  hours  =  l600  hours)         Hourly  cost 

Depreciation  of  $75  f  l600  hours  $   .05 

Interest  and  taxes  .01 

Subtotal  $   .06 

Operating  costs 

Annual  feed  bill  $1100,  shoes  $50,  medicine  $25 
harness  repair  $50,  tool  replacement  $50. 

Subtotal  $1300  i  1600  hours  $   .80 

Teamster  at  $0.90  plus  lOfo  Social  Security,  etc.       .99 

Subtotal  $  1.79 


Total  cost  $1.85 
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Table  10» --Computation  of  total  hourly  cost  for  power  skidder-loader 

operator,  and  helper 


Investment 


Truck,  drum,  motor,  tongs 

Trade-in  value  after  6  years  (junk) 

Amount  to  be  depreciated  in  6  years 


Skidding 

Loading 

and  loading 

only 

$  2000 

200 

$  1800 

Hourly  cost 

Fixed  cost 

Yearly  depreciation  of  $300  f  l600  hours  $   .19 
Int.  at  6'^  (average  investment),  taxes       .06 

Subtotal  $   .25 

Operating  cost--skidding 

1  cable  5/8  in.  X  900  ft.  at  $285,  chokers 

and  hooks  at  $6  X  6  per  year  = 

$320  f  1600  $   .20 

Fuel-gas  at  $0.30  per  gal.  X  I-I/2  per 

hour  .^5 

Oil  and  grease  .08 

Repairs  and  labor  (estimated)  .17 


$   .15 


.15 
.30 

.15 


Subtotal 


1/    .90 


.60 


Labor 


Operator  at  $1.00,  helper  at  ', 
for  Social  Security,  etc. 

Total  hourly  cost 

Total  man-hour  cost  (rounded) 


+  10/0 


1.' 


$  3.15 
$1.60 


1.' 


2.73 
1.35 


1/  Costs  may  vary  -  I5  percent  for  hard  or  easy  skidding  chances 


Tab le  11 . - -Computation  of  total  cost  per  hour  and  per  mile  for  light 
logging  truck  (such  as  Ford  or  Chevrolet)  and  driver 


Investment 


Truck  only  ($630  for  tires  Included  below 

under  running  cost) 
Locally  made  bed 

Subtotal 

Trade-in  value  after  2  years 
Amount  to  be  depreciated  in  2  years 


Fixed  cost 


Int.  at  6%   on  1/2  investment 
License,  North  Carolina 
Taxes,  North  Carolina 
Insurance  or  risk  at  k°lo   of  cost 

Total 


1/ 


Dally  cost  at  200  days 
Dally  depreciation  at  350  and  ^00  days 
Daily  driver  at  $0.90  +  lO/o  Social 
Security,  etc. 

Total  dally  cost 
Hourly  cost  (8  hours) 


U 


Average 


Running  cost-^  per  mile 

Tires 

Gas  and  oil 

Repairs  and  labor 


1-1/2  ton     2  t 


on 


$ 

1670 

100 

$ 

2022 
100 

$ 

1770 

$ 

2122 

1370 

1620 

$ 

400 

$ 

500 

Annual 

$ 

85 

160 

20 

95 

$ 

100 

175 

25 

110 

$ 

360 

$ 

J+10 

Daily 

$ 

1.80 
3.45 

$ 

2.05 
3.40 

7.90 

7^90 

$ 

13.15 
1.6i+ 

$ 

13.35 
1.67 

$1.65 


ment 

Log  road 

.06 
.03 
.03 

$    .12 

.07 
.06 

Total 


.12   $    .25 


1/  Based  on  data  from  R.  R.  Reynolds  (7) 
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Table  12. --Computation  of  total  hourly  cost  for  tractor  and  operator 


Investment 


D2 


Dk 


D6 


Tractor  f.o.b.  Asheville  (ready  to  go) 
Winch  f.o.b.  Asheville  (no  cable) 

Subtotal 
Dozer  blade  and  controls 

Total 

Trade-in  value  after  5  years 


Fixed  cost,  tractor  and  winch—' 
Depreciation  10,000  hours 
Int.,  ins.,  taxes 

Total  fixed 

Operating  costs,  1953  average- 
Fuel  at  $0.11-1-  per  gal,  (no  tax) 
Gas  for  starting 
Oil 
Grease  at  $0.15  per  pound  (incl. 

winch) 
Cable  for  winch 
Repairs  and  labor  (incl.  winch) 

Total  variable 

Total  fixed  +  operating  cost  (average) 
Easy  work  =  -  15fo 
Hard  work  =  +  23fo 

Operator  at  $1.00,  $1.25,  $1.50 

plus  lOfo  for  Social  Security,  etc. 

Helper  at  $0.75,  $0.85,  $1.00 

plus  10'^  for  Social  Security,  etc. 

Total  (rounded) 

Total  all  costs 
Average 
Easy 
Hard 

Added  rate  when  blade  is  used 


$  1+810 

12^0 

$   6300 
11+75 

$10050 
1825 

$  6050 

2000 

$  7775 
2325 

$11875 
2725 

$   8050 

$10100 

$11+600 

i860 

2250 

2500 

Hourly 

cost 

.619 
.183 

.785 
.237 

1.21 
.35^ 

.802 

1.022 

I.56I+ 

.224 
.030 
.031+ 

.280 
,030 
.036 

.1+31+ 
.030 
.050 

.026 

.155 
.508 

.01+1 
.199 

.649 

.057 

.265 

I.02I+ 

.977 

1.235 

1.860 

1.78 
1.50 
2.20 

2,26 
1.90 
2.80 

3.42 
2.90 
4.20 

1.10 

1.38 

1.65 

.83 

.9^+ 

1.10 

1.90 


2.30 


2.75 


3.30 

4,55 

6.15 

3.00 

4.20 

5.65 

3.80 

5.10 

6.95 

.22 


.24 


.26 


1/  Data  from  Asheville  agency  Caterpillar  Tractor  Co.,  January  1953. 
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FOREWORD 


Recently  there  has  heen  much  interest  in  the 
possibilities  of  utilizing  lumber  vaste  products, 
such  as  slabs,  edging  strips,  and  logging  residues, 
in  the  manufacture  of  paper  and  hardboard.  However, 
salvage  operations  of  this  kind  are  complicated  in 
the  Southeast  by  the  fact  that  three-quarters  of  our 
lumber  is  produced  at  several  thousand  scattered, 
small  sawmills.  The  research  reported  here  was  an 
attempt  to  analyze  the  problems  of  salvaging  pulp- 
able  material  from  the  lumber  operations  m  a  typi- 
cal area  of  the  Piedmont  and  to  appraise  the  feasi- 
bility of  various  methods  for  preparing,  assembling, 
and  transporting  it.  The  report  is  published  as  a 
contribution  under  Title  II  of  the  Research  and  Mar- 
keting Act  of  19^6. 

The  author  takes  this  opportunity  to  acknow- 
ledge the  help  of  Dr.  Carl  H.  Stoltenberg  aoad  Mr. 
William  H.  B.  Haines,  who  worked  with  him.  He  also 
wishes  to  thank  the  many  farmers,  other  forest  land- 
owners, lumbermen,  pu]-pwood  dealers,  and  pulpwood 
producers  whose  cooperation  made  the  project  possible, 


COVER  PHOTO 

The  sawmill  has 
moved  on.  Fifty - 
nine  percent  of 
slabs  and  edgings 
in  the  study  area 
are  given  away  or 
left  to  rot. 
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The  Delta  area  of  South  Carolina.   Circle  is  a  30-mile  radius. 


SAWMILL  AND  LOGGING  RESIDUES  IN  THE   SOUTH  CAROLINA  PIEDMONT; 


PROBLEMS  AND  METHODS  OF  SALVAGE 


by 

A.  S.  Todd,  Jr, 


A  thousand  board  feet  of  dressed  pnne  iLunber  contains  6l  cubic 
feet  of  wood.   However,  to  obtain  this  volume  of  finished  product  the 
lumberman  must  cut  approximately  200  cubic  feet  of  sound  standing  tim- 
ber.  Of  the  volume  lost,  some  20  percent  is  left  in  the  woods  as  tops 
and  broken  trees;  6o  percent  is  in  slabs,  edging  strips,  end- trims,  and 
sawdust  at  the  mill  site;  while  the  remaining  20  percent  is  largely 
planer  shavings.   At  the  present  level  of  lumber  production  in  the 
Southeast,  the  output  of  solid  residues  alone  is  equivalent  to  nearly 
7  million  cords  annually  (fig.  l) . 


Figure  l.--For  every  thousand  feet  of  lumber  sawed,  more  than  a  cord  of  solid  residue  is  produced. 


As  time  passes,  ways  are  usually  found  to  convert  more  and  more 
of  the  waste  products  of  manufacture  to  useful  purposes.   In  the  case 
of  southern  lumber  residues,  the  trend  seems  to  have  been  in  the  oppo- 
site direction.   Years  ago,  when  most  mills  were  steam-powered,  large 
quantities  were  consumed  on  the  spot  as  fuel,  hut  the  adoption  of  gaso- 
line and  diesel  power  has  largely  eliminated  this  use.   Today,  sawdust 
and  shavings  ordinarily  rot  on  the  groimd  or  are  burned  to  reduce  the 
fire  hazard.   Solid  mill  residues,  such  as  slabs,  are  still  a  main 
source  of  firewood  in  rural  areas,  but  even  this  use  has  declined. 
The  greater  availability  of  electricity,  gas,  and  oil  has  so  reduced 
the  demand  that  slabs  are  given  away  more  often  than  they  are  sold. 

The  only  type  of  residue  that  has  gained  utility  is  topwood. 
Very  little  of  it  was  ever  salvaged  -until  recently,  but  enough  is  now 
being  cut  into  pulpwood  to  give  it  a  small  but  recognized  market  val- 
ue. Currently,  the  paper  and  pressed-board  makers  are  greatly  inter- 
ested in  the  possibilities  of  utilizing  sawmill  slabs,  and  edgings  as 
well. 

Mill  residues  of  one  sort  or  another  were  first  pulped  in  the 
West,  where  individual  lumber  and  veneer  plants  were  large  enough  to 
provide  substantial  amounts  of  suitable  material  and  to  warrant  the 
installation  of  elaborate  log-barking  equipment.   Since  then,  the 
pulping  of  mill  residues  has  grown  spectacularly  in  that  region.   In 
1951 ;,  about  a  million  cords  were  converted  to  pulp.   This  volume  was 
supplemented  by  400  thousand  cords  of  ciill  trees  and  other  logging 
leftovers  to  fill  30  percent  of  the  year's  pulpwood  requirements. 
Southeastern  pulpmills,  by  contrast,  used  only  some  100  thousand  cords 
of  mill  residues,  largely  veneer  cores,  even  though  their  total  con- 
sumption of  pulpwood  was  70  percent  greater  than  that  of  the  West. 

A  primary  reason  for  the  delay  in  following  the  western  example 
is  the  small  size  of  the  average  sawmill  and  the  virtual  absence  of 
limiber -producing  centers.   Until  now,  the  smallest  practical  log  bark- 
ers have  required  a  minimimi  daily  output  of  30  thousand  board  feet  to 
justify  their  installation.   There  are  probably  not  50  sawmills  in  the 
Southeast  that  meet  this  specification,  and  70  percent  of  our   lumber 
production  is  from  mills  that  average  12  thousand  board  feet  or  less 
a  day.   Many  are  portables  whose  relative  inaccessibility  and  frequent 
moves  pose  a  complex  problem  of  wood  assembly  in  addition  to  the  prob- 
lem of  bark  removal . 

The  research  reported  here  was  an  attempt  to  analyze  the  prob- 
lems of  salvaging  plant  and  logging  residues  from  the  preponderantly 
small  sawmills  of  a  typical  lumber-producing  area,  and  to  investigate 
the  comparative  efficiency  and  general  practicability  of  various  pos- 
sible methods  of  preparing,  assembling,  and  transporting  this  mater- 
ial. 


WHY  PULP  LUMBER  RESIDUES? 


There  are  a  number  of  good  arguments  for  salvaging  these  Ivanher 

residues  as  a  substitute  for  piilpwood  from  live  trees.   The  one  of  most 

general  interest  is  the  conservation  argument.  In  this  region,  it  is 
especially  convincing. 

Sawtimber  drain  exceeds  sawtimber  growth  in  most  parts  of  the 
Southeast.  Aside  from  reducing  the  volume  of  sawtimber  cutting,  the 
only  way  of  correcting  the  unfavorable  balance  is  to  grow  more  trees 
to  larger  size.  Unfortunately,  the  current  trend  is  in  the  opposite 
direction.  As  big  trees  become  scarcer,  lumbermen  cut  to  smaller  and 
smaller  diameters.  At  the  same  time,  expansion  of  the  pulp  industry 
threatens  to  reduce  the  number  of  trees  allowed  to  reach  profitable 
sawtimber  size. 

This  situation  is  to  the  disadvantage  of  timber  users  and  grow- 
ers alike.   The  lumber  industry  finds  itself  turning  out  an  ever- 
poorer  grade  of  product  at  mounting  cost,  with  consequent  danger  of 
losing  markets  to  other  regions  or  substitute  materials.   Furthermore, 
the  size  distinction  between  sawlog  and  cordwood  stumpage  is  disappear- 
ing, so  that  sawmills  frequently  outbid  pulpwood  producers  for  timber 
of  the  size  and  character  formerly  considered  suitable  only  for  pulp- 
wood.   As  for  the  landowner,  intensified  competition  among  timber  buy- 
ers and  a  high  level  of  stiompage  prices  seem  to  be  working  to  his  im- 
mediate benefit.   In  the  longer  run,  however,  he  faces  the  possible 
loss  of  quality  markets  as  timber  resources  become  less  and  less  ade- 
quate to  support  them. 

Eventually,  we  may  be  able  to  provide  all  the  timber  of  every 
size  we  need  by  building  up  the  stocking  and  general  productivity  of 
the  forests.   For  the  immediate  future,  the  most  effective  measure 
would  appear  to  be  fuller  utilization  of  the  wood  now  available. 
This  can  be  accomplished  in  two  related  ways:   (l)  by  substituting 
tree  species  and  grades  in  surplus  supply,  wherever  possible,  for 
those  on  the  critical  list,  and  (2)  by  integrating  wood  use  so  that 
one  industry  uses  material  discarded  by  another. 

If  fuller  utilization  can  be  achieved,  timber  resources  and 
markets  will  be  safeguarded,  and  trees  or  portions  of  trees  for  which 
there  is  little  present  demand  will  become  salable.   However,  any 
worthwhile  progress  in  this  direction  must  depend  on  the  cooperation 
of  lumber  and  pulp  manufactirrers,  for  between  them  they  consume  75 
percent  of  all  the  timber  cut . 

Aside  from  its  potential  vaxue  as  a  conservation  measure,  the 
pulping  of  lumber  residues  offers  specific  and  practical  benefits  to 
the  individuals  and  companies  involved.  Sawmill  residues,  for  in- 
stance, offer  pulp  companies  a  more  stable  wood  source  than  they  now 
enjoy.  Full-time  commercial  sawmills  operate  more  consistently  and 
are  less  affected  by  weather  than  piilpwood  crews.  This  in  itself  is 
a  strong  recommendation. 
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To  avoid  shutdowns  due  to  seasonal  shortages  of  wood,  southeastern 
pulpmills  each  carry  up  to  $1,000,000  or  more  of  wood  Inventory.   To  pre- 
vent large  losses  from  deterioration  of  this  inventory,  some  $100,000  a 
year  is  spent  in  turning  it.   Even  so,  the  deterioration  is  sufficient  to 
cause  a  5-percent  loss  of  pulp  yield,  and  periodic  gluts  and  famines  of 
wood  have  not  "been  entirely  eliminated.   Supplementing  the  regular  wood 
with  sawmill  residues  would  tend  to  smooth  out  seasonal  fluctuations, 
and  untapped  slab  piles  could  serve  as  a  reserve  source  in  place  of  a 
portion  of  the  woodyard  inventory.   In  this  way,  both  carrying  charges 
and  deterioration  losses  would  be  reduced. 

Among  the  lumbermen,  there  are  many  who  would  be  interested  in^ 
selling  their  residues,  and  the  added  income  is  not  their  only  incentive. 
The  more  thoughtful  are  genuinely  distxxrbed  by  the  qixantities  of  unused 
material  they  create,  and  the  disposal  of  sawdust,  slabs,  and  strips  has 
been  a  serious  problem  ever  since  the  disappearance  of  steam  boilers. 
The  solids  are  the  most  troublesome.   Sawdust  can  be  conveyed  mechanic- 
ally, but  the  slabs  and  strips  must  be  removed  and  piled  by  hand.  At 
portable  mills,  where  space  is  ordinarily  at  a  premium,  more  labor  is 
expended  on  the  waste  products  than  in  handling  the  lumber  (fig.  2). 


Figure  2. --At  the 

average  mill,  it  takes 
more  labor  to  pile 
slabs  and  edgings  than 
to  handle  the  lumber. 
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If  slabs  could  "be  fed  directly  through  a  chipper  and  into  a  parked  trail- 
er as  they  come  from  the  sav,  some  operators  could  nearly  afford  to  give 
away  the  resulting  chips.   However,  if  the  slabs  coiild  be  made  to  show  a 
profit,  they  might  mean  the  difference  between  operating  or  shutting 
down  in  times  of  depressed  lumber  prices.   At  any  time,  they  would  pro- 
vide a  competitive  advantage  in  bidding  against  straight  lumber  manufac- 
turers for  stumpage . 

A  profitable  market  for  mill  residues  woiild  also  benefit  farmers 
and  other  timberland  owners,  since  stumpage  prices  would  soon  reflect 
the  added  utilization.   The  conversion  of  logging  residues  to  pulpwood 
results  in  a  double  gain.   Not  only  does  timber  take  on  extra  value,  but 
the  cutover  area  is  left  in  more  accessible  condition  and  with  a  reduced 
fire  hazard. 


SELECTION  OF  A  STUDY  AREA 

In  choosing  an  area  for  this  study,  the  principal  requirements 
were  (l)  that  it  be  small  enough  to  permit  a  fairly  detailed  survey  of 
the  nature,  quantity,  and  location  of  its  sawmill  and  sawmill  logging 
residues;  (2)  that  it  represent  as  nearly  as  possible  the  area  a  pulp- 
mill  or  its  contractor  might  select  as  a  practical  operating  unit  for 
wood  procurement  purposes;  and  (3)  that  the  logging  and  sawmilling  con- 
ditions be  typical  of  an  extensive  region  in  the  South.   The  area  select- 
ed was  a  circle  of  30-mile  radius  centered  on  Delta,  Union  County,  South 
Carolina,  a  small  rail  station  and  siding  in  the  Piedmont. 

Included  within  the  30-mile  circle  are  all  or  parts  of  11  coun- 
ties:  2,827  square  miles,  1,'JlQ   or  61  percent  of  which  is  commercial 
forest.  About  one-half  of  the  commercial  forest  is  on  farms,  and  most 
of  the  remainder  in  small  private  holdings.   The  practicability  of  the 
area  as  a  prociurement  territory  is  evidenced  by  the  presence  of  two 
mechanized  pulpwood  yards  vrithin  and  two  more  just  outside  the  circle. 
In  1951^  pulpwood  production  probably  totaled  2l4  thousand  cords. 
L\imbering  is  also  in  active  progress,  and  local  operations  are  typical 
of  the  "roofer  belt,"  which  extends  along  the  southern  piedmont  from 
Virginia  through  Georgia. 

LUMBERING  IN  THE   DELTA  AREA 

Once  a  suitable  area  had  been  selected,  the  first  task  was  a 
complete  canvass  of  logging  and  sawmill  operators.   This  was  done  dur- 
ing April  and  May  1952. 

The  canvass  showed  1^7  operating  sawmills  and  6  full-time  com- 
mercial loggers  in  the  Delta  area.   Lumber  production  during  1951  to- 
taled 81.4  million  board  feet,  of  which  66.8  million  or  82  percent 
was  pine  (table  l) .   Construction  lumber  was  the  chief  product. 
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Table  l.--Liamber  production  "by  species,  1931 


Species  group 

•     Production 

Thousand 

Percent 

Southern  pines 

66,797 

82.0 

Yellow-poplar 

6,7^2 

8.3 

Sweetgum 

2,991 

3-7 

Other  soft -textured  hardwoods 

915 

1.1 

Oaks 

3,355 

k.l 

Other  hard-textiu:'ed  hardwoods 

640 

.8 

All  species 

8i,UiiO 

100.0 

The  sawmills  are  of  three  predominant  types:  hoard  mills, 
structural  dimension  mills,  and  "country"  mills  that  saw  lumber  for 
home  or  farm  use.   Because  of  the  proximity  of  North  Carolina  furni- 
ture centers,  there  are  also  a  few  specializing  in  hardwood  dimension 
stock.   The  numbers  of  mills  by  type  and  their  1951  output  were  as 
follows : 

Million  bd.  ft. 


69  dimension  mills 
23  board  mills 
55  other  mills 


1^9.^ 
20.7 

11.3 


There  are  no  large  sawmills  in  the  Delta  area.   One  with  an 
expected  capacity  of  30  thousand  board  feet  per  day  was  under  construc- 
tion at  the  time  of  the  canvass,  but  probably  none  of  those  in  opera- 
tion could  saw  half  this  amount.   Production  is  further  limited  by  the 
fact  that  many  of  the  mills  operate  only  part  time.  For  instance,  ^5 
of  the  1^7  mills  in  the  area  were  custom  or  farm-owned  and  sawed  but  a 
few  days  a  year.   In  1951  there  were  only  3^  that  produced  as  much  as 
a  million  board  feet,  and  they  accoimted  for  60  percent  of  the  year's 
output.   Most  of  these  larger-producing  sawmills  were  portables  (table  2), 

The  Delta  area  has  few  remanufacturlng  plants  and  no  cities. 
Consequently,  most  of  the  lumber  produced  there  is  shipped  out.   The 
task  of  assembling  this  lumber  from  the  many  small  sawmills,  seasoning 
and  surfacing  it,  and  preparing  it  for  shipment  is  handled  by  12  concen- 
tration yards  equipped  with  trimmers  and  planers.   They  receive  the 
rough  green  lumber  as  fast  as  it  is  sawed  and,  in  some  cases,  pay  for 
each  truckload  Individually.   Thus,  mill  operators  need  not  carry  inven- 
tories and  are  able  to  stay  in  business  with  a  minimum  of  working  capital, 
Yards  also  provide  help  in  financing  timber  and  equipment  purchases. 
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Table  2. --Sawmills  by  1951  lumber  production 


Production  class 


Mills 


Thousand  bd.  ft. 


Number 


Percent 


Less  than  200 

6i 

Ul.5 

200  -   399 

Ik 

9.5 

400  -  599 

ik 

9.5 

6oo  -  799 

13 

8.8 

800  -  999 

11 

7.5 

1000  -  1199 

6 

k.l 

1200  -  1399 

9 

6.1 

1^+00  -  1599 

10 

6.8 

l6oo  -  1799 

3 

2.1 

1800  -  1999 

k 

2.7 

2000  -  2199 

1 

.7 

2200  -  2299 

1 

•  7 

All  classes 

1^7 

100.0 

Methods  of  obtaining  green  lumber  vary  from  yard  to  yard,  but 
only  a  few  yards  depend  entirely  on  purchases  from  independent  saw- 
mills.  Some  own  and  operate  mills  of  their  own,  others  buy  timber 
and  contract  the  logging  and  sawing.   There  are  examples  of  all  these 
arrangements  in  the  Delta  area,  and  nearly  20  percent  of  the  mills  or- 
dinarily operate  under  contract. 

The  typical  portable  sawmill  has  an  inserted- tooth  circular 
headsaw  and  is  powered  by  a  diesel  engine.   It  may  or  may  not  possess 
an  edger  and  has  neither  a  trimmer  nor  a  cut-off  saw.  Mill  crews 
range  from  five  to  nine  men,  woods  crews  from  five  to  seven.   Felling 
and  bucking  are  by  power  saws,  and  the  logs  are  bunched  by  horses  or 
mules.   Transportation  to  the  mill  may  be-  by  truck  or  by  a  wheel-tractor 
and  high-arch  log  cart.   Where  a  truck  is  used,  it  is  ordinarily  loaded 
from  the  ground  with  a  crosshaul.   Crawler  tractors  and  power  skidders 
are  occasionally  seen,  but  they  are  not  common. 

At  the  time  of'  the  sawmill  canvass,  lOU  timber  tracts  were  in 
the  process  of  logging,  and  there  were  portable  sawmills  on  98  of  them 
(fig.  3).   All  the  other  active  mills  were  stationa2ry.   The  104  tracts 
totaled  8,100  acres  and  were  estimated  by  the  operators  to  contain  17.3 
million  board  feet.   Individual  acreages  ranged  from  10  to  500,  averag- 
ing 77-   The  board- foot  cut  per  acre  ranged  from  500  to  10,000  and  av- 
eraged 2,^00.   The  indication  is  that  about  ^50  timber  tracts,  or  30,000 
acres,  are  cut  over  annually  by  lumbermen.   In  addition,  an  unknown  but 
certainly  sizable  volume  is  cut  in  "patch"  logging,  principally  by  farmers 
getting  out  logs  to  be  custom-sawed. 
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OUTPUT  OF  USABLE  RESIDUES  PER  THOUSAM)  BOARD  FEET 

The  canvass,  in  addition  to  providing  a  basis  for  the  preceding 
description,  was  the  first  step  in  a  survey  to  find  out  how  much  chip- 
pable  sawmill  and  sawmill  logging  residues  are  produced  annually  and 
seasonally  by  species,  where  they  are  located,  and  in  what  concentra- 
tion at  each  location.   Succeeding  steps  during  the  summer  of  1952  were 
(l)  a  sample  of  logging  operations  on  which  to  measure  logging  residues, 
and  (2)  a  sajmple  of  sawmills  at  which  to  obtain  data  needed  for  estimat- 
ing mill  residues.   These  samples  were  designed  to  provide  ratios  of 
waste  output  per  thousand  board  feet  that  coiild  be  applied  to  reported 
voliimes  of  l\amber  production. 

The  principal  purposes  of  the  canvass  were  to  determine  the  1951 
lumber  production  by  quarters  and  species  for  each  sawmill  and,  in  the 
case  of  portable  mills,  to  obtain  the  operators'  estimates  of  the  vol- 
viaes   to  be  sawed  at  the  sets  where  the  mills  were  found.   For  sawtimber 
tracts  in  the  process  of  being  logged,  acres  to  be  logged  as  well  as 
estimated  cuts  were  obtained.   Information  was  also  recorded  as  to  type 
of  operator  (independent,  contract,  custom,  or  private)  and  chief  prod- 
uct (e.g.,  pine  boards,  pine  dimension),  either  of  which  might  influence 
utilization.   Sawmill  operators  were  further  questioned  as  to  what  use, 
if  any,  they  made  of  their  slabs,  edgings,  and  trim.   Finally,  all  the 
sawmills  and  timber  tracts  were  spotted  on  county  highway  maps  and  iden- 
tified by  code  numbers . 

In  seeking  Information  on  current  tracts  and  mill  sets,  it  was 
assumed  that  their  locations  and  concentrations  of  residues  represented 
the  pattern  likely  to  prevail  in  the  Delta  area  for  several  years.   Even 
though  most  operators  move  every  few  weeks,  the  geographic  distribution 
of  lumbering  activities  remains  fairly  constant.   For  instance,  compari- 
sons of  the  1952  geographic  distribution  of  sawmills  with  that  of  a  19^7 
canvassV  shows  little  change  for  the  five  years  intervening.   Therefore, 
the  loU  tracts  and  99  mill  sets  were  adopted  as  typical  in  location,  size, 
and  residue  volume  of  the  tracts  and  sets  that  might  be  fo\md  at  any  time 
in  the  near  future.  They  will  be  referred  to  in  this  report  as  the  May 
1952  timber  tracts  and  sawmill  sets. 

From  the  loggers  found  during  the  canvass,  a  random  sample  of 
22  operations  was  dravm  on  which  to  raeasixre  the  usable  volumes  of  top- 
wood  and  broken  trees  produced  per  thousand  board  feet  of  sawlogs. 
At  each  logging  site,  2k   trees  were  measured  as  they  were  felled  and 
bucked.  Logs  were  scaled  according  to  the  International  l/4-inch  Rule- 
tops  and  broken  trees  were  scaled  in  cubic  feet  by  standard  63- inch 
pulpwood  lengths  to  a  variable  minimum  diajneter  of  approximately  h   inches 


1/  A  canvass  by  the  Forest  Service  in  cooperation  with  the  Depart- 
ment of  Conmerce,  Bureau  of  the  Census,  for  the  19U6  Census  of  Lumber 
Production. 
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Figure  3. --Lumbering  opMjratiL:  -  in  the  Delta  area,   Way  1,   1952- 


Inside  bark.   The  final  step  was  to  measure  the  acreage  from  which  the 
2k   trees  had  been  cut.   Cubic  feet  of  logging  residue  (without  bark)  per 
thousand  board  feet  was  computed  by  species  groups  for  each  operation 
and  for  all  operations  together.   These  ratios  were  subsequently  con- 
verted from  a  log- scale  to  a  lumber-tally  basis  by  applying  average 
overrun  and  underrun  data. 

A  second  random  sample  was  drawn ^  this  time  of  26  sawmills,  at 
which  to  determine  the  distribution  of  the  lumber  produced  and  the 
overrun  or  underrun  by  log  diameters.   This  was  done  by  tallying  the 
lumber  from  50  consecutive  logs  at  each  mill.   Given  the  lumber  distri- 
bution by  log  size,  Carpenter's  chippable  waste  factors^/  could  be  ap- 
plied to  the  reported  lumber  production  of  all  the  Delta  sawmills.   The 
overinn  and  underrun  data  served  to  convert  the  logging  residue  factors 
from  a  log-scale  to  a  lumber-tally  basis  so  that  they,  too,  could  be 
applied  to  reported  volumes  of  lumber  production. 

Sawtimber  Tops  and  Broken  Trees 

With  two  exceptions,  the  sample  logging  operations  were  in 
stands  being  cut  primarily  for  pine.   The  residue  ratios  (cubic  feet 
of  residue  per  thousand  board  feet)  for  the  individual  operations 
showed  a  negative  correlation  with  the  board-foot  cut  per  acre--the 
heavier  the  cut,  the  less  residue  per  thousand.   This  correlation  was 
weak  for  the  lighter  cuts,  several  of  which  were  partial  cuttings,  but 
strong  for  the  heavier  cuts,  which  were  all  clear-cuttings.   The  re- 
gression eqiiation  for  all  species  combined  is  Y  =  ^1.13  +  .OO285X 
where  Y  is  cubic  feet  of  logging  residue  per  thousand  board  feet  and 
X  the  cut  per  acre  in  thousands  of  board  feet.   The  regression  coeffi- 
cient .00285  is  significant  at  the  1-percent  level.   Therefore,  when 
the  cuts  per  acre  for  individixal  tracts  are  known,  the  regression  of- 
fers a  closer  approximation  of  the  true  residue  ratios  than  an  average. 

To  take  advantage  of  this  relationship,  each  of  the  10^  timber 
tracts  in  the  Delta  area  was  sampled  to  estimate  its  average  cut  per 
acre.   Stiomp  tallies  of  10  one-fifth  acre  plots  were  made  on  each  tract 
after  the  completion  of  logging  and  provided  estimates  within  ±20  per- 
cent in  most  cases.   The  regression  values  applied  to  the  tracts  were 
as  follows : 


2/  Carpenter,  Roswell  D.   Amount  of  chippable  waste  at  southern 
pine  sawmills.  U.S.D.A.,  Forest  Service,  Southern  Forest  Experiment 
Station  Occasional  Paper  115,  Nov.  1950.   "Chippable  waste"  was  de- 
fined in  this  report  as  all  slabs,  edgings,  and  end-trim  at  least 
1  foot  long  with  the  exception  of  thin,  ribbon-like  pieces  of  edging 
strips. 


Cut  per  acre 
(M  board  measure) 

1 
2 

3 
k 

5 
6 

7 
8 

9 

10 


Usable  logging  residues 
per  M  board  measvire 

(Cubic  feet  of  wood) 

38 
35 
32 
30 
27 
24 
21 

19 
16 

13 


A  similar  relationship  for  pine  alone  also  proved  highly  signifi- 
cant, although  not  significantly  different  from  that  for  all  species. 
Having  an  excellent  estimate  of  the  over-all  cut  per  acre  on  the  104 
tracts,  the  average  residue  ratio  for  pine  was  computed  by  regression. 
Regressions  for  hardwoods  were  not  significant,  so  the  ratios  for  these 
species  are  merely  weighted  sample  means.   The  resulting  ratios  and 
their  standard  errors  by  species  group^/  are  as  follows: 


Species 


Pines 

Soft  hardwoods 

Hard  hardwoods 

All  species 


Usable  logging  residues 
per  M  board  measure 

(Cu.  ft.  of  wood)    (standard  error) 


31.1 
36.3 
35.5 

32.0 


±  U.7 
±  h.3 
+  7.9 


These  logging  residue  ratios  take  into  account  the  average  over- 
run and  underrun  at  the  26  sample  sawmills  and  can  be  applied,  therefore, 
to  reported  lumber  production.  However,  as  previously  noted,  the  Delta 
mills  tend  to  specialize  when  sawing  pine--some  on  boards  and  some  on  2- 
inch  stock.   This,  of  course,  affects  the  lumber  out-turn.   Dimension 
mills  obtain  6  percent  more  yield  from  a  given  scale  of  logs  than  board 
mills;  the  "country"  mills  obtain  k   percent  less.   Thus,  if  the  princi- 
pal products  represented  by  a  volume  of  production  are  known,  as  they 
were  in  this  case,  the  following  residue  ratios  for  pine  can  be  substi- 
tuted for  the  31-1  average: 


3./  Species  included  in  the  groups  are  (l)  pines --loblolly  and 
shortleaf ;  (2)  soft  hardwoods --mostly  sweetgum  and  yellow-poplar  with 
some  soft  maple;  hard  hardwoods --mostly  oaks  with  some  ash,  elm,  and 
river  birch. 
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Mill  type 


Usable  logging  residues 
per  M  board  measure 

(Cubic  feet  of  wood) 


Board  mills 
Dimension  mills 
Other  mills 


32.0 
30.2 
33.3 


Once  computed^  all  cubic-foot  volumes  of  logging  residues  were 
converted  to  standard  cords  on  the  basis  of  6h  cubic  feet  of  wood  per 
rough  cord. 

Slabs  and  Edging  Strips 

Close  cutting  over  a  period  of  years  has  made  large  quality 
sawtimber  extremely  scarce  in  the  Delta  area.   This  and  an  abnormally 
active  demand  for  2  x  ^'s  and  strips  have  caused  a  marked  reduction  in 
the  size  of  the  average  sawlog.   Trees  are  now  commonly  utilized  to  a 
5-inch  top,  and  crooked  or  rapidly-tapering  sections  are  bucked  into 
lengths  as  short  as  8  feet.   Figure  U  shows  the  distribution  of  lumber 
production  by  log  diameter  at  the  26  sav/mllls  sampled  for  residues. 
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Figure  4. --Lumber  production  by   species-group  and  log  diameter. 
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Applying  Carpenter's  chippable  waste  factors  (see  footnote  2) 
to  the  sample-mill  lumber  production  by  log  diameter  provided  average 
factors  by  species  groups  and  products.   During  the  process,  these  fac- 
tors were  adjusted  to  give  chippable  volumes  in  terms  of  equivalent 
cords  of  pulpwood-size  round  wood.   In  other  words,  according  to  the 
usage  in  this  report,  a  "cord"  of  mill  residue  contains  the  same  solid 
volume  of  wood  as  a  cord  of  rough  pulpwood.   Thus,  mill  and  logging 
residues  are  in  comparable  units. 

The  conversion  to  equivalent  rough  cords  of  round  wood  was  on 
the  assumption  that  an  average  cubic  foot  of  green  ping  wood,  when 
oven-dried,  weighs  28.72  pounds  (specific  gravity  .U6  J).     A   rough 
cord  of  p\ilpwood-size  bolts  was  assijmed  to  contain  78  cubic  feet  of 
wood. 

The  mill  residue  ratios  applied  to  the  reported  I95I  lumber 
production  in  the  Delta  area  were  as  follows: 


Species  and  type  of  mill 


Pine--board  mills 
Pine--dimension  mills 
Pine- -other  mills 
Soft  hardwoods --all  mills 
Hard  hardwoods --all  mills 


Usable  mill  residues 
per  M  board  measure 

(standard  cords  with  bark) 
.65 

.78 
.58 

M 


Since  Carpenter's  factors  are  only  for  pine,  their  application 
to  hardwoods  is  subject  to  some  error.   For  sx/eetgum  and  yellow-poplar, 
the  chief  soft  hardwoods,  the  error  is  probably  not  large,  since  these 
species  have  approximately  the  same  form  and  specific  gravity  as  pine 
and  are  sawed  locally  in  much  the  same  manner.   In  the  case  ol'  oaks  and 
other  hard  hardwoods,  the  residue  estimates  are  likely  to  be  conserva- 
tive . 

The  residue  ratios  applied  to  the  May  1952  portable  mill  sets 
were  weighted  averages  derived  from  the  ratios  given. 


V  Anon.  Weights  of  various  vraods  grovm  in  the  United  States 
U.S.D.A.,  Forest  Service,  Forest  Products  Laboratory  Tech.  Note  2l3, 
Oct.  1952. 
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Figure   5. --This  portable  mill  produces  about  2,100  cords  of  pulpable  residues  a  year. 


Figure  6. --The  Delta  area  produces  over  200,000  cords   of  pulpwood  a  year.      If  all  usable  lumbering 
residues   could  be  pulped,    this  cut  might  be  reduced  k2>  percent. 

RESIDUES  AVAIMBLE   IN  THE  DELTA  AREA 


To  gain  some   conception  of  what  the  residue  ratios  mean,    it  may- 
he  helpful  to  think  of  a  typical  Delta  sawmill   operating  in  a  typical 
stand  of  timber    (fig.    5).      The  mill  has  a  daily  output  of  6,000  board 
feet;    the  average   cut  per  acre   is  2,400  board  feet.     A  stand  of  this 
density  yields  about   3^+   cubic   feet   inside  bark  of  pulpable   topwood  and 
broken  trees  per  thousand  board  feet.      Therefore,    the  logging  produces 
20U  cubic   feet  or   over   3   cords   of  this  material  every  day.      The   chlp- 
pable   slabs  and  edging   strips  at  the  mill  are   equivalent  to  another 
k  cords   of  round  wood.      Thus,    this  typical   operation  produces  as  a  by- 
product as  much  pulpable  wood  per  day  as  an  average  pulpwood  crew 
(fig.  6). 
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Pulpwood  production  during  1951  in  the  coujities  of  Chester, 
Fairfield,  Laurens,  Newberry,  Spartanb\irg,  and  Union  totaled  299^923 
standard  cords.   Since  one-half  or  more  of  the  acreage  of  each  of 
these  counties  lies  within  the  Delta  area,  their  rate  of  production 
should  be  representative  of  it.   If  so,  the  Delta  area  is  one  of  the 
heavier  pulpwood-producing  areas  in  the  South.   Its  1951  production 
must  have  been  in  the  neighborhood  of  2l4  thousand  cords,  or  nearly 
0.2  cords  per  forested  acre.  Yet,  if  all  the  usable  sawmill  and  saw- 
mill logging  residues  coiild  have  been  salvaged  and  piilped,  they  would 
have  replaced  ^3  percent  of  this  pulpwood. 

The  1951  output  of  usable  residues  in  the  Delta  area  was  es- 
timated at  96,789  cords.   Of  the  total,  ^0,595  cords  or  U2  percent 
was  in  tops  and  broken  trees,  the  remaining  56,19^  cords  in  slabs 
and  edging  strips  (table  3) •   Mill  residues  did  not  include  blocks, 
for  no  end- trimming  was  done  at  sawmills. 


Table  3 • - -Output  of  usable  residues  by  species  and  class  of 

material ,  1951 


Species  group 


Logging  resiaues 


Mill  residues 


Southern  pines 

Ye  How- poplar 

Sweet  gum 

Other  soft -textured  hardwoods 

Oaks 

Other  hard- textured  hardwoods 

Total 


Cords   Percent 


Cords   Percent 


32,U50 

79.9 

i^8,l78 

85.7 

3,82U 

9.^ 

3,915 

7.0 

1,585 

3.9 

1,732 

3.1 

519 

1.3 

528 

.9 

1,862 

k.6 

1,551 

2.8 

355 

.9 

290 

.5 

40,595    100.0    56,194    100.0 


Judging  by  the  niMber  of  sawmills  operating  in  the  spring  of 
1952,  the  1952  output  of  pulpable  residues  was  probably  equal  to  1951" 
However,  from  a  procirrement  standpoint,  total  quantities  are  not  too 
meaningful.   It  is  also  necessary  to  know  how  stable  the  output  is, 
how  much  of  it  is  economically  accessible,  and  how  much  is  actually 
available  for  purchase  at  various  prices. 

Stability  of  Output 

Monthly  statistics  of  small-mill  lumber  production  in  South 
Carolina,  covering  the  period  19^2-1946,  show  little  seasonality  of 
output.  The  1951  behavior  of  the  Delta  sawmills  followed  much  the 
same  pattern.  Residues  produced  dioring  the  first  quarter-year,  the 
period  of  maximum  idleness,  were  only  9  percent  below  those  for  the 
third  q-uarter,  the  period  of  peak  activity  (table  h)  .  The  fluctua- 
tions that  did  occur  were  largely  the  result  of  weather  conditions. 
Yet,  in  general,  lumbering  is  less  affected  than  pulpwood  production 
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by  rain,  and  the  reason  is  not  hard  to  find.   Logging  is  by  mule  and 
tractor-drawn  log  cart  (or  by  truck  along  a  few  well -placed  woods 
roads);  pulpwood  is  bunched  by  hand  to  trucks  that  must  maneuver 
throughout  the  cutting  area. 

Table  4. --Output  of  usable  residues  by  quarters 


and 

class 

of 

material, 

1951 

Quarter  of 

year 

] Logging  res 

idues 

[   Mill  residues 

First 
Second 
Third 
Fourth 

Cords 

9,721 
10,107 
10,721 

io,oi^6 

Cords 

13,^56 
13,990 
li+,84l 
13,907 

Total 

^0, 

595 

56,194 

Although  seasonal  fluctuations  are  not  large,  lumber  produc- 
tion is  subject  to  considerable  variation  over  a  period  of  years. 
There  are  many  idle  and  part-time  mills  which  are  not  fully  employed 
even  in  boom  times.   This  excess  capacity,  plus  the  presence  of  a 
multitude  of  small  hand-to-mouth  producers,  makes  for  a  highly  un- 
stable situation,  where  a  moderate  shift  in  the  demand  for  lumber 
produces  an  exaggerated  response  in  terms  of  production.  For  in- 
stance, a  slack  demand  for  lumber  during  the  spring  and  summer  of 
19^9  idled  large  numbers  of  small  sawmills  and  temporarily  reduced 
production  some  30  percent  or  more .   By  year ' s  end,  production  had 
ret-urned  to  normal.   To  a  pulpmill  using  lumber  residues,  periodic 
ups  and  downs  like  this  might  well  pose  a  more  serious  problem  of 
supply  than  the  seasonal  effects.  As  protection  against  slijmps,  a 
pulp  company  could  adopt  the  following  measures: 

1.  Maintain  a  proper  balance  between  the  prociirement  organi- 
zations furnishing  liomber  residues  and  round  wood.   Residue  purchases 
can  then  be  expanded  to  condensate  for  seasonal  and  other  temporary 
shortages  of  round  wood,  while  round-wood  purchases  can  be  similarly 
expanded  at  times  of  recession  in  the  lumber  industry. 

2.  Favor  the  better-financed  and  more  efficient  sawmills  by 
preferential  contracts.   This  would  probably  be  a  wise  policy  in  any 
case . 

3.  Maintain  contacts  with  sawmills  and  lumber  concentration 
yards  outside  the  usual  group  or  procurement  area,  so  they  can  be 
drawn  upon  when  the  need  arises. 
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Accesslloillty 

The  question  of  economic  accessibility  can,  of  course,  have  no 
one  answer.   Residues  which  could  he  profitably  salvaged  by  one  opera- 
tor or  one  method  might  be  unprofitable  for  another.   Nevertheless, 
certain  factors  of  location  and  concentration  of  material  largely  deter- 
mine the  point  of  marginality  for  each  man  or  method.   One  of  these  fac- 
tors is  distance  to  a  rail  loading  point. 

There  are  no  pulpmills  within  feasible  trucking  distance  of  the 
Delta  area,  so  shipment  must  be  by  rail.   Two  methods  of  assembling  and 
loading  seem  worthy  of  consideration.   The  first  is  to  truck  all  mater- 
ial to  a  central  concentration  point,  such  as  Delta,  for  possible  process- 
ing and  shipment.   The  second  is  to  load  at  the  nearest  siding.   Which  is 
the  more  practicable  will  depend  in  part  on  where  the  residues  are  located, 

To  provide  information  on  this  point,  all  the  timber  tracts  where 
logging  or  sawmilling  activities  were  in  progress  as  of  May  1,  1952,  were 
spotted  on  county  highway  maps  (fig.  3)>  and  the  voliime  of  residue  to  be 
produced  at  each  site  was  tabulated.   Table  5  shows  for  these  May  1952 
logging  chances  and  mill  sets  the  volume  of  residue  by  hauling  distance 
to  Delta,  table  6  the  voliime  by  hauling  distance  to  the  nearest  siding 
for  each  of  the  five  railroads  serving  the  area. 


Table  5 • - -Sites  and  usable  residues  by  class  of  material  and  trucking 

distance  to  Delta,  May  1,  1952 

LOGGING  RESIDUES 


Zone 


Sites 


Volumes 


Miles 


All  zones 


Number 


Percent 


10i+ 


Cords 


100.0 


10,150 


Percent 


0-  5 

0 

0 

0 

0 

6-10 

h 

3.9 

858 

8.5 

11-15 

7 

6.7 

1,261 

12. U 

16-20 

10 

9.6 

^70 

J+.6 

21-25 

13 

12.5 

1,207 

11.9 

26-30 

IT 

16.3 

1,756 

17.3 

31-35 

23 

22.1 

1,570 

15.5 

Beyond  35 

30 

28.9 

3,028 

29.8 

100.0 


SAWMILL  RESIDUES 


0-   5 

0 

0 

0 

0 

6-10 

3 

3.1 

1,289 

10.3 

11-15 

6 

6.1 

1,^13 

11.3 

16-20 

10 

10.2 

598 

1+.8 

21-25 

12 

12.3 

1,^74 

11.8 

26-30 

16 

16.3 

2,277 

18.2 

31-35 

22 

22.4 

2,068 

16.6 

Beyond  35 

29 

29.6 

3,370 

27.0 

All   zones 

98 

100.0 

12,1+89 

100.0 

16 


Table  6. — Sites  and  usable  residues  by  railroad,  tiaicklng  distance  to  nearest  siding, 

and  class  of  material.  May  1,  19^2 

CAROLINA  AND  NORTHWESTERN  RAILWAY 


Zone 


Logging  residues 
Sites      :      Volumes 


Mill  residues 
Sites      :      Volumes 


Miles 

Number 

Percent 

Cords 

Percent 

Number 

Percent 

Cords 

Percent 

0-  5 

3 

2.9 

128 

1.3 

3 

3.1 

173 

1.4 

6-10 

8 

7.7 

672 

6.6 

8 

8.2 

822 

6.6 

11-15 

3 

2.9 

189 

1.9 

3 

3.1 

235 

1.9 

16-20 

2 

1.9 

2^9 

2.k 

2 

2.0 

318 

2.5 

21-25 

3 

2.9 

265 

2.6 

3 

3.1 

335 

2.7 

26-30 

9 

8.7 

1,051 

10. u 

7 

7.1 

1,41+9 

11.6 

Beyond  30 

76 

73.0 

7,596 

74.8 

72 

l.h 

9,157 

73.3 

All  zones 

loU 

100.0 

10,150 

100.0 

98 

100.0 

12,489 

100.0 

CHARLESTON  AND  WESTERN  CAROLINA  RAILWAY 

0-  5 

6 

5.8 

965 

9.5 

5 

5.1 

1,194 

9.6 

6-10 

10 

9.6 

597 

5-9 

9 

9.2 

710 

5.7 

11-15 

10 

9.6 

1,605 

15.8 

10 

10.2 

2,158 

17.3 

16-20 

13 

12.5 

1,367 

13.5 

11 

11.2 

1,266 

10.1 

21-25 

k 

3.8 

1,017 

10.0 

h 

i^.l 

l,24l 

9.9 

26-30 

3 

2.9 

206 

2.0 

3 

3.1 

287 

2.3 

Beyond  30 

58 

55.8 

i+,393 

i^3.3 

56 

57-1 

5,633 

45.1 

All  zones 

lOU 

100.0 

10,150 

100.0 

98 

100.0 

12,489 

100.0 

COLUMBIA 

NEWBERRY 

AND  LAURENS 

RAILWAY 

0-  5 

18 

17.3 

771 

7.6 

19 

19. u 

1,017 

8.2 

6-10 

21 

20.2 

3,023 

29.8 

20 

20.1+ 

3,811 

30.5 

11-15 

9 

8.7 

1,212 

11.9 

9 

9.2 

1,613 

12.9 

16-20 

6 

5.7 

861 

8.5 

k 

k.l 

1,286 

10.3 

21-25 

9 

8.7 

1,278 

12.6 

7 

7.1 

1,214 

9.7 

26-30 

9 

8.7 

^23 

k.2 

8 

8.2 

486 

3.9 

Beyond  30 

32 

30.7 

2,582 

25.^ 

31 

31.6 

3,062 

24.5 

All  zones 

10J+ 

100.0 

10,150 

100.0 

98 

100.0 

12,489 

100.0 

SEABOARD  AIR 

LINE  RAILROAD 

0-  5 

8 

7.7 

550 

5.^ 

8 

8.2 

665 

5.3 

6-10 

2U 

23.1 

3,503 

3^.5 

22 

22. U 

4,534 

36.3 

11-15 

8 

7.7 

1,182 

11.6 

8 

8.2 

1,531 

12.3 

16-20 

18 

17.3 

l,U8l 

14.6 

17 

17.3 

1,894 

15.2 

21-25 

15 

11^. 1| 

931 

9.2 

13 

13-3 

1,146 

9.2 

26-30 

13 

12.5 

1,309 

12.9 

12 

12.2 

1,280 

10.2 

Beyond  30 

18 

17.3 

1,19^ 

11.8 

18 

18.4 

1,439 

11.5 

All  zones 

10i+ 

100.0 

10,150 

100.0 

98 

100.0 

12,489 

100.0 

SOUTHERN  RAILWAY  SYSTEM 

0-  5 

31 

29.8 

2,051 

20.2 

30 

30.6 

2,585 

20.7 

6-10 

37 

35.6 

2,557 

25.2 

35 

35.7 

3,177 

25.4 

11-15 

15 

lU.li 

2,003 

19.7 

lU 

1U.3 

2,358 

18.9 

16-20 

6 

5.7 

1,308 

12.9 

6 

6.1 

1,575 

12.6 

21-25 

7 

6.7 

1,255 

12. i+ 

5 

5.1 

1,514 

12.1 

26-30 

k 

3.9 

190 

1-9 

k 

k.l 

225 

1.8 

Beyond  30 

h 

3.9 

786 

7.7 

k 

4.1 

1,055 

8.5 

All  zones 

lOi^ 

100.0 

10,150 

100.0 

98 

100.0 

12,489 

100.0 
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Apparently,  Delta  is  not  too  convenient  a  concentration  point 
for  liimber  residues.   Only  about  26  percent  of  the  residues  vere  with- 
in 20  miles,  and  over  28  percent  were  beyond  35  miles.   There  were  two 
reasons  for  this.   First,  there  were  no  sawmills  operating  in  the  im- 
mediate vicinity  of  Delta  and,  second,  there  were  no  direct  connections 
by  paved  highways  between  Delta  and  certain  areas  to  the  east  and  west. 
Other  places  (Newberry,  for  example)  are  more  favorably  situated. 

As  might  be  expected,  trucking  distances  to  the  nearest  rail 
sidings  were  much  less  than  to  any  single  concentration  point.   For 
instance,  78  percent  of  the  residues  were  within  20  miles  of  sidings 
on  the  Southern  Railway,  the  one  with  the  greatest  track  mileage  in 
the  Delta  area.   Sixty-eight  percent  were  within  20  miles  of  the  Sea- 
board Air  Line  Railway.   This  is  a  decided  advantage  for  decentralized 
loading  points,  but  other  considerations  (such  as  the  desire  to  handle 
residues  mechanically)  may  carry  equal  or  greater  weight  in  the  selec- 
tion of  concentrating  methods. 

A  second  factor  related  to  location  is  the  volume  of  usable 
residues  per  site.   The  logs  sawed  at  custom  sawmills,  for  example, 
are  cut  almost  entirely  from  smiall  groups  of  trees,  or  even  single 
trees,  widely  scattered  over  many  fanns.  The  amount  of  logging  resi- 
due at  any  one  spot  is  not  sufficient  to  justify  salvage,  even  by  the 
landowner  himself.   There  are  also  several  stationary  commercial  mills 
that  employ  mobile  logging  crews  and  purchase  timber  in  patches  an 
acre  or  less  in  size.  All  together,  35  mills  were  found  whose  logging 
residues  were  considered  inaccessible  for  this  reason.   For  1951^  these 
residues  by  species  were  estimated  as  follows: 


Pines 

Soft  hardwoods 

Hard  hardwoods 


Cords 

1,173 
299 
191 

1,663 


All  the  residues  on  the  May  1952  timber  tracts  and  portable  mill 
sets  were  considered  at  least  potentially  accessible.  Of  course,  there 
were  also  conveniently-located  mill  residues  at  permanent  or  stationary- 
mills,  even  though  some  of  the  logging  residues  were  scattered.   How 
much  of  the  May  1952  residues  was  actually  salvable  would  depend  in 
part  on  the  volumes  per  site.   Table  7  shows  the  distribution  of  sites 
and  residues  by  volume  classes. 

Perhaps  the  most  obvious  of  the  factors  relating  to  location  is 
the  actual  physical  accessibility  of  a  site--its  distance  from  the 
nearest  road  and  the  nearest  all-weather  road,  the  topography  and  type 
of  soil,  the  presence  or  absence  of  obstacles  such  as  rocks,  swanips, 
high  stumps,  or  a  dense  growth  of  young  timber.  The  Delta  area  is  un- 
usually  fortunate  in  this  respect.  It  is  rather  densely  populated  for 
a  rural  area,  and  individual  land  holdings  are  relatively  small.  As  a 


-  18  - 


consequence,  few  timber  tracts  are  more  than  a  qixarter-mlle  from  one  or 
another  of  the  closely  spaced  roads .  A  high  proportion  of  these  roads 
are  paved,  and  nearly  all  have  received  some  surface  treatment.  The 
topography  is  rolling  to  rough  and  gullied,  but  not  sufficiently  to  im- 
pede logging  in  most  sections.   Rocks,  swamps,  and  similar  obstacles 
are  rare.   Most  troublesome  are  the  soils,  which  are  chiefly  clays. 
They  are  definitely  a  limiting  factor  when  wet  but  do  not  affect  one 
portion  of  the  Delta  area  much  more  than  another. 

Table  7 • - -Sites  and  usable  residues  by  class  of  material  and 
volume  per  site,  ^fe.y  1,  19^2 


LOGGING  RESIDUES 


Residue  per  site 
class 


Sites 


Volumes 


Cords 


All  classes 


Number 


Percent 


Cords 


104 


100.0 


10,150 


Percent 


'ss  than  25 

10 

9.6 

137 

1.3 

25-  ^9 

27 

26.0 

986 

9.7 

50-  7^ 

22 

21.2 

1,297 

12.8 

75-  99 

18 

17.3 

1,529 

15.1 

100-199 

20 

19.2 

2,629 

25.9 

200-299 

3 

2.9 

726 

7.2 

0  or  more 

i^ 

3.8 

2,8ii6 

28.0 

100.0 


SAWMILL  RESIDUES 


Less  than  25 

Ik 

1^.3 

210 

1.7 

25-  h9 

19 

19. i+ 

669 

5.3 

50-  7^ 

16 

16.3 

995 

8.0 

75-  99 

15 

15.3 

1,290 

10.3 

100-199 

21 

21.1+ 

3,010 

2i+.l 

200-299 

5 

5.1 

1,221 

9.8 

300  or  more 

8 

8.2 

5,09^ 

i+0.8 

All  classes 

98 

100.0 

12,1+89 

100.0 

It  is  on  the  accessibility  of  tops  and  other  scattered  resi- 
dues that  the  factors  of  location  exert  the  greatest  effect.   Slabs 
and  edgings,  concentrated  as  they  are  at  the  mill  sets,  require  no 
bunching  or  woods  travel.   Furthermore,  one  of  the  main  considera- 
tions in  placing  a  mill  is  to  select  a  site  from  which  heavy  loads 
of  lumber  can  be  easily  trucked.  A  site  so  selected  is  equally  fa- 
vorable for  the  removal  of  mill  residues.   Thus,  location  of  mill 
sets  is  seldom  critical  except  where  the  hauling  distance  is  excess- 
ive. 


-  19 


Even  in  the  case  of  logging  residues,  location  is  seldom  the 
main  determinant  of  economic  accessibility.  Whether  the  topwood  on 
a  cutover  tract  is  or  is  not  operable  is  more  likely  to  depend  on  the 
concentration.   Two  factors  are  involved- -volume  of  topwood  per  acre 
and  volume  per  top.  Both  affect  the  time  required  for  every  salvage 
operation  from  limbing  to  loading.  However,  in  the  Delta  area,  saw- 
timber  tends  to  uniformity  of  size  and  form.   Consequently,  the  tops 
are  also  uniform.  Pine  tops,  for  instance,  veiy  seldom  contain  more 
than  two  pulpwood  bolts,  and  the  one-bolt  tops  are  usually  the  larger 
in  diameter.   This  leaves  volume  per  acre  as  the  chief  measure  of 
oper ability. 

Bunching  and  loading  costs  are  particularly  sensitive  to  dif- 
ferences in  volxmie  per  acre.   Forty-six  truckloadings  timed  on  one 
piilpwood  operation  showed  the  following  relationship  between  man-hour 
requirements  and  volume  of  wood  per  acre : 


Cords 
per  acre 

1 
2 

3 
k 

5 
6 


Man-hours 

per  cord 

1-75 

1.65 

1.55 

1.50 

l.i+0 

l.Uo 

Limbing  and  bucking  times  are  similarly  affected,  though  to  a 
lesser  extent.   Table  8  shows  the  distribution  of  the  May  1952  logging 
sites  and  residues  by  volume  per  acre. 

Table  8. --Timber  tracts  and  usable  logging  residues 
by  volume  per  acre,  yia.y'1,   1952 


Residue  per  acre 
class 


Tracts 


Total  residues 


Cords 


Number  Percent   Cords  Percent 


Less  than  O.5 

10 

9.6 

229 

2.3 

0.5  -  0.9 

29 

27.9 

1,394 

13.7 

1.0  -  1.4 

1+2 

ko.k 

4,853 

47.8 

1.5  -  1.9 

15 

Ik.k 

2,157 

21.3 

2.0  -  2.k 

8 

7.7 

1,517 

l4.9 

All  classes 

104 

100.0 

10,150 

100.0 

20 
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Competing  Uses 

So  much  for  the  physical  factors  of  location  and  concentration. 
There  is  also  the  matter  of  the  already  existing  uses  for  these  mater- 
ials.  To  investigate  this  aspect,  55  logging  chances  and  55  sawmill 
sites  were  selected  at  random  from  those  originally  visited  in  May  1952 > 
These  were  reexamined  and  the  landowners  interviewed  8  months  later  in 
January  1953-   By  that  time,  insect  damage  and  decay  were  so  advanced 
as  to  preclude  salvage  of  remaining  residues  for  anything  other  than 
fuel.   Discussions  with  owners  were  depended  on  to  indicate  how  much 
was  yet  to  be  used  for  this  purpose.   Tables  9  and  10  show  what  became 
of  the  residues. 

Table  9 • - -Disposition  of  usable  logging  residues 
on  55  sample  logging  chances,  1952— 

Disposition         :       Residues 

Cords      Percent 

Sold  as  pulpwood  sturapage 

Sold  as  cut  pulpwood 

Sold  as  car  stakes 

Used  as  home  fuel 
Unused 

Total  4,902       100.0 

l/  Sawmill  operators  sold  logging  residues 
from  2  of  the  55  tracts;  all  other  sales  were  by 
landowners . 

Table  10. --Disposition  of  usable  mill  residues 


377 

7.7 

261 

5.3 

12 

0.3 

50 

1.0 

4,202 

85.7 

at  55  sample  sawmill 

sites. 

1952 

Disposition        : 

Residues 

Cords 

Percent 

By  the  sawmill  operators : 

Sold  as  fuel 
Used  as  home  fuel 
Given  away 

468 

137 

146 

8.4 
2.4 
2.6 

By  the  landowners: 

Sold  as  fuel 
Used  as  home  fuel 
Given  away 

1,051 
641 

132 

18.8 
11.5 

2.4 

Unused 

3,012 

53.9 

Total 

5,587 

100.0 
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Mill  residues  are  better  utilized  than  logging  residues.  Fire- 
wood is  the  chief  product,  and  slabs  are  favored  because  they  are  con- 
veniently piled  at  accessible  locations  and  can  be  readied  for  use  with 
a  buzz  saw.  Tops  and  broken  trees,  on  the  other  hand,  are  scattered 
and  have  to  be  worked  up  by  hand  in  the  woods.   Since  there  is  more  than 
enough  slabwood  to  supply  all  needs,  practically  no  tops  are  cut  up  for 
fuel.   Indeed,  only  ik   percent  of  those  on  the  sample  tracts  were  sal- 
vaged for  any  purpose,  and  nearly  all  of  them  for  pulpwood.  By  contrast, 
46  percent  of  the  slabs  and  edgings  were  used. 

Sixty  percent  of  the  pulpwood  from  tops  was  cut  by  commercial 
producers,  the  remainder  by  landowners.  A  small  number  of  car  stakes 
were  also  cut  and  sold.   Only  a  few  of  these  operations  resiLLted  in 
complete  clean-up. 

The  salvage  of  sawmill  residues  is  similarly  spotty.   Stationary 
mills  near  well-settled  areas  are  ordinarily  able  to  sell  all  their 
slabs  and  edgings.  A  number  have  installed  cordwood  saws  and  deliver 
slabwood  in  stove  lengths  at  $13  to  $15  a  cord.  At  the  other  extreme 
are  portable  sawmills  operating  in  thinly-populated  areas.  However, 
about  6o  percent  of  the  operators  sell  at  least  a  portion  of  their 
slabs  and  edging  strips,  and  the  mill  crews  take  a  small  additional 
quantity  for  home  use . 

The  greatest  volume  is  utilized  after  the  sawmill  moves  on. 
Landowners  sold  slabs  from  half  of  the  mill  sets  examined,  supplied 
themselves  and  their  tenants,  and  gave  wood  to  their  neighbors.  All 
together,  they  salvaged  nearly  two  and  a  half  times  as  much  material 
as  the  sawmill  operators.  Nevertheless,  ^k   percent  of  the  mill  resi- 
dues were  left  unused.   Of  course,  before  this  surplus  rots,  much  of 
it  will  be  taken  and  used  by  outsiders,  but  without  financial  benefit 
to  the  owners . 

In  appraising  the  possibilities  for  salvaging  added  volumes  of 
sawmill  and  sawmill  logging  residues  for  pulping,  it  may  be  helpfiil 
to  note  the  prices  at  which  these  materials  have  been  selling.   The 
values  presented  in  table  11  are  based  on  the  prices  that  prevailed 
from  the  late  spring  to  early  winter  of  1952.   They  are  for  the  resi- 
dues "as  is"  before  assembling  or  preparation  of  any  kind.  Volumes 
unused  or  given  away  are  considered  to  be  valueless;  volumes  used  as 
home  fuel  have  been  assigned  values  based  on  the  prices  reported  for 
actual  fuelwood  sales.   The  volumes  corresponding  to  the  given  dollar 
values  were  obtained  by  applying  the  distribution  of  the  sample  tract 
and  mill  set  volumes  to  the  total  I95I  outputs  of  residues. 

The  res\ilting  schedules  show  the  approximate  market  valuation 
of  the  ciirrent  annual  residue  output.   Since  the  volumes  are  cumula- 
tive, each  represents  the  quantity  available  at  the  stated  price  or 
less.   Of  course,  any  substantial  increase  in  demand,  as  by  launching 
a  large  piirchase  program,  would  tend  to  raise  prices  all  along  the 
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line.   It  should  also  be  noted  that  there  is  an  error  attached  to  includ- 
ing all  unused  residues  as  a  lump -quantity  of  zero  value.  Actually,  if 
potential  buyers  appeared,  they  would  undoubtedly  find  that  most  owners 
had  minimum  prices  below  which  they  would  refuse  to  sell  and  that  these 
prices  varied  by  individuals. 

Table  11. --Usable  residues  sold  annually  by  price  and 
class  of  material—' 


Price 
per  cord2/ 

Dollars 


Volume  available 
Logging  residues  :   Sawmill  residues 


Cords 


Percent 


Cords 


Percent 


0 

3^,900 

86 

36,000 

6k 

.25 

35,000 

86 

38,800 

69 

.50 

35,100 

86 

i+1,000 

73 

.75 

35,200 

87 

^3,300 

77 

1.00 

35,300 

87 

^5,500 

81 

1.50 

36,900 

91 

1+8,900 

87 

2.00 

38,600 

95 

52,300 

93 

2.50 

4o,6oo 

100 

55,100 

98 

2.75 

-- 

— 

56,200 

100 

1/  Based  on  supply  and  demand  situation  prevail- 
ing in  1952. 

2/  For  residues  "as  is"  before  assembling  or 
preparation  of  any  kind. 

TOPWOOD  SALVAGE  PROBLEMS  AND  METHODS 


Sawtimber  tops  are  now  being  sold  to  pulpwood  producers  in  the 
Delta  area  at  "stumpage"  prices  ranging  from  75  cents  to  $2.50  per 
cord.  However,  there  is  only  one  producer  who  specializes  in  topwood, 
and  tops  alone  are  seldom  salable. 

In  most  cases  where  pulpwood  cutting  follows  sawlogging,  the 
main  attraction  is  the  residual  stand.   Tops  and  broken  trees  are 
worked  up  as  the  standing  trees  are  removed,  but  more  often  than  not 
the  smaller  or  more  scattered  tops  are  left.   Thus,  aJ. though  some  log- 
ging residues  are  utilized  on  nearly  a  third  of  the  cutover  tracts, 
less  than  15  percent  of  the  volijme  is  taken. 

The  deterrents  to  more  complete  salvage  are  partly  sociological 
and  partly  economic.   In  the  first  place,  working  tops  into  pulpwood 
is  harder  labor  than  pulpwood  production  from  standing  trees.  Bucking 
is  now  done  largely  with  power  saws,  but  limbing  is  still  a  hand  opera- 
tion, and  tops  require  almost  twice  as  much  limbing  time  per  cord  as 
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whole  trees.   If  the  tops  are  old  and  seasoned,  the  task  is  hard  on  both 
the  axe  and  the  man.  Also  objectionable  to  woods  workers  is  the  fact 
that  limbing  forces  a  man  to  work  apart  from  his  fellows  in  lonely  sil- 
ence.  It  would  appear  that  piilpwood  producers  who  avoid  salvage  cuttings 
are  sometimes  more  influenced  by  factors  such  as  these  than  by  any  real 
knowledge  of  the  costs  involved. 

As  a  clue  to  the  importance  of  cost  in  limiting  topwood  utiliza- 
tion, time  studies  were  made  on  five  pi:apwood  operations  where  both  tops 
and  standing  trees  were  being  cut.  On  these  operations,  the  pulpwood 
bolts  produced  from  trees  and  those  from  tops  were  of  the  same  average 
diameter,  and  the  timing  was  so  arranged  as  to  minimize  differences  due 
to  the  relative  volumes  of  trees  and  tops  per  acre.  Under  these  condi- 
tions of  equal- size  bolts  and  equal  volume  per  acre,  there  was  no  con- 
sistent difference  in  the  cost  of  wood  from  trees  and  tops.  For  three 
of  the  operators,  topwood  was  cheaper;  for  the  other  two,  tree -wood. 
Apparently,  the  extra  time  required  to  limb  tops  is  approximately  bal- 
anced by  the  time  required  to  fell  trees.   The  implication  is  that  when 
bunching  and  loading  costs,  which  are  rather  sensitive  to  volume  per 
acre,  are  taken  into  account,  tops  and  residual  trees  together  will  usu- 
ally make  for  a  more  profitable  operation  than  the  residual  trees  alone. 
The  chief  exception  is  the  tract  on  which  the  tops  are  dried  hard  or 
will  yield  only  one  stick  of  piapwood  each. 

Where  only  tops  are  available  for  cutting,  the  consensus  among 
pulpwood  producers  is  that  the  operation  cannot  be  made  to  pay.   The 
one  producer  in  the  Delta  area  who  qperated  tops  exclusively  was  be- 
lieved to  be  making  money,  but  it  may  well  be  he  could  have  done  bet- 
ter by  purchasing  regular  pulpwood  stumpage .   In  any  event,  the  use  of 
topwood  cannot  expand  very  rapidly  as  long  as  the  producers  feel  there 
is  more  profit  in  cutting  standing  timber.   Presumably,  the  only  thing 
that  coiild  change  their  minds  is  a  disproportionate  rise  in  the  price 
of  pulpwood  stiimpage . 

It  also  seems  unlikely  that  fanners  and  other  lando\mers  will 
produce  any  worthwhile  volume  of  pulpwood  from  the  logging  residues 
on  their  lands.   For  years,  foresters  have  tried  to  interest  farmers 
in  woods  work  and,  when  the  introduction  of  woodyards  made  truckload 
sales  of  pulpwood  easy,  it  was  thought  that  farmers  might  become  sub- 
stantial producers.   This  expectation  has  not  been  realized. 

In  the  Delta  area,  where  scarcely  a  woodland  is  more  than  15 
miles  from  a  woodyard,  the  owners  of  only  3  out  of  55  cutover  tracts 
attempted  to  produce  pulpwood  from  their  logging  residues.   Of  hk   who 
gave  reasons  for  not  doing  so,  only  15  thought  it  would  have  been  un- 
economic.  Lack  of  labor  or  equipment  was  the  main  obstacle. 

The  only  other  potential  producer  of  pulpwood  from  tops  is  the 
sawmill  operator.   Certainly,  if  tops  are  operable  at  all,  the  sawlog 
crew  is  in  a  favorable  position  to  work  them  up.   Other  things  being 
equal,  it  should  be  cheaper  to  remove  them  simultaneously  with  the 
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logs  than  later  as  a  separate  operation.   There  Is  also  an  opportunity 
to  reduce  costs  through  the  use  of  logging  machinery  which  the  average 
pulpwood  producer  could  not  justify.   This  might  involve  tree-length 
logging  on  the  more  level  sites  or  the  handling  of  entire  tops  as 
though  they  were  logs,  hunching  them  with  the  logging  mules  or  even 
transporting  them  from  the  woods  via  tractor  and  log  cart  before  buck- 
ing.  However,  right  now,  lumbermen  are  not  inclined  to  experiment 
with  pulpwood  production. 

At  present,  the  return  per  unit  of  labor  from  lumber  is  enough 
higher  than  that  from  pulpwood  to  discourage  sawmill  operators  from 
working  up  their  sawtimber  tops.   They  fear  that  by  so  doing  they 
might  be  hampering  their  principal  activity  in  favor  of  one  less  profi- 
able.   This  objection  does  not  apply  to  selling  slabs  and  edgings  for 
pulping;  the  operators  anticipate  this  can  be  done  as  a  separate  ac- 
tivity which  will  not  affect  the  regular  production  routine.   When  and 
if  lumbennen  start  selling  these  mill  residues,  their  outlook  toward 
integrated  lumber  and  pulpwood  production  may  change. 


SIABWOOD  SALVAGE  PROBLEMS  AKD  METHODS 


As  previously  noted,  large  sawmills  are  scarce  in  this  region. 
Three-quarters  of  our  lumber  is  produced  at  mills  little  or  no  larger 
than  those  around  Delta,  and  the  proportion  increases  every  year. 
Therefore,  if  any  substantial  volume  of  residues  is  to  be  salvaged 
for  pulping,  it  must  be  done  under  conditions  essentially  similar  to 
those  prevailing  in  the  Delta  area. 

This  obviously  introduces  a  number  of  problems  that  would  not 
be  encountered  were  it  possible  to  deal  only  with  a  few  large  lumber 
plants.   Most  troublesome  are  the  problems  of  (l)  negotiating  with  so 
large  a  number  of  potential  sellers,  (2)  overcoming  the  small  lumber- 
man's aversion  to  activitiec  not  directly  contributing  to  lumber  pro- 
duction, (3)  transporting  the  residues  economically  from  source  to 
pulpmill,  (k)   deciding  how  and  where  the  debarking  can  be  done  most 
efficiently,  and  (5)  deciding  how  and  where  the  chipping  can  be  done 
most  efficiently. 

Ownership  of  Residues  and  Number  of  Sellers 

The  first  point  a  prospective  purchaser  of  lumber  residues 
must  consider  is  the  number  of  sellers  with  whom  he  will  have  to  deal. 
Some  450  timber  tracts  are  logged  annually  in  the  Delta  area,  largely 
by  portable  sawmJ.lls.   Presumably,  an  almost  equal  number  of  land- 
owners are  involved,  and  few  of  them  have  timber  to  sell  any  two  years 
in  a  row.   Thus,  to  buy  residues  from  the  landowners  woiild  require  a 
prohibitive  number  of  contacts  with  no  opportunity  to  establish  lasting 
business  relations.   It  would  be  much  simpler  to  deal  with  the  sawmill 
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operators,  20  of  whom  produce  about  ^0  percent  of  the  usable  residues 
(table  12) .   Or,  perhaps,  arrangements  could  be  made  through  the  12 
concentration  yards  that  handle  practically  all  the  lumber  from  the 
sawmills . 

Table  12 . - -Sawmills  and  usable  sawmill  residues 
by  1951  residue  output 


Residue  output  class 


Mills 


Residues 


Cords 

N\imber 

Percent 

Cords 

Percent 

Less  than  100 

60 

1+0.8 

2,613 

4.6 

100-  199 

10 

6.8 

1,633 

2.9 

200-  299 

11 

7.5 

2,874 

5.1 

300-  399 

10 

6.8 

3,684 

6.6 

iioo-  499 

Ik 

9.5 

7,119 

12.8 

500-  599 

7 

k.S 

4,067 

7.2 

600-  699 

7 

4.8 

^,932 

8.8 

TOO-  799 

8 

5.^ 

6,761 

12.0 

800-  899 

6 

k.l 

5,753 

10.2 

900-  999 

6 

4.1 

6,394 

11.4 

1,000-1,099 

k 

2.7 

4,522 

8.0 

1,100-1,199 

1 

0.7 

1,324 

2.4 

1,200  or  more 

3 

2.0 

4,518 

8.0 

All  classes 

lk7 

100.0 

56,194 

100.0 

If  negotiations  are  to  be  restricted  primarily  to  mill  and 
yard  operators,  prevailing  methods  of  piirchasing  sawtimber  may  have 
to  be  altered.   Present  lease  agreements  take  two  forms,  according 
to  whether  the  purchase  price  is  to  be  paid  as  a  lujmp   or  in  install- 
ments as  the  timber  is  cut.   When  sawtimber  is  bought  "by  the  boim- 
dary"  for  a  lump  sum,  the  lumberman  frequently  receives  title  to 
every  part  of  the  trees  he  cuts,  and  almost  invariably  to  the  slabs, 
strips,  and  sawdust.   Upon  expiration  of  the  lease,  residues  revert 
to  the  landowner.   However,  only  a  third  of  the  timber  transactions 
in  the  Delta  area  are  by  the  boundary,  and  the  proportion  is  steadily 
decreasing. 


The  other  two-thirds  of  the  sales  are  by  the  thousand  board 
feet  lumber  tally.   Under  the  terms  of  a  lumber-tally  agreement,  the 
timber  is  paid  for  as  it  is  sawed,  and  the  purchaser  ordinarily  re- 
ceives title  only  to  the  actual  lumber  he  produces.  All  residues  are 
the  property  of  the  landowner. 

Although  lumber- tally  transactions  have  certain  disadvantages, 
they  are  generally  considered  more  equitable  to  both  parties  than 
sales  by  the  boundary.   Other  advantages  claimed  for  lumber-tally  pay- 
ment are  (l)  it  keeps  sale  cost  down  by  obviating  the  need  for  cruises 
by  either  buyer  or  seller;  (2)  the  lumber  delivery  tickets  or  invoices 
are  a  convenient  record  of  the  volumes  for  which  payment  is  owing,  and 
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the  books  of  lumber  buyers  can  be  consulted  to  settle  disputes;  (3)  pay- 
ment is  by  installments,  so  the  buyer  is  not  forced  to  raise  a  large 
cash  sum  in  advance  of  cutting;  and  (k)    since  a  lumber-tally  price  is  a 
unit  price,  sales  in  a  locality  tend  to  establish  a  recognized  market 
value  for  timber  and  thereby  contribute  to  orderly  selling. 

These  advantages  have  made  lumber  tally  the  favored  basis  of 
sale.   However,  since  this  type  of  timber  lease  does  not  automatically 
transfer  title  to  residues,  it  may  be  necessary  to  cover  them  by  separ- 
ate agreement  stipulating  price  and  method  of  measurement. 

The  Lumberman's  Attitude 

The  Delta  sawmills,  like  most  sawmills  in  this  region,  are  pro- 
ducers of  millrun  lumber.   Their  output  is  not  priced  according  to  grade. 
Depending  on  the  demand,  certain  sizes  of  lumber  may  bring  more  than 
others  but,  aside  from  this,  success  is  measured  entirely  in  terms  of 
gross  production  per  man-hour  and  per  ma,chine-hour.   Speed  and  effici- 
ency are  practically  synonymous .   For  this  reason,  lumbermen  shy  away 
from  secondary  activities  likely  to  distract  them  from  or  interfere  with 
their  main  purpose  of  maximum  production. 

If  slabs  can  be  sold  in  the  pile,  or  if  sawmill  crews  need  only 
stack  them  in  loading  racks  for  hauling  to  nearby  markets,  large  vol- 
umes will  become  available  at  a  comparatively  low  price.   If  the  sale 
of  slabs  involves  hunting  for  a  buyer,  sorting  or  other  special  prepara- 
tion, ordering  railroad  cars,  or  operating  under  a  short-term  quota, 
the  costs  will  rise.   In  addition,  supervisory  attention  is  diverted 
from  the  real  business  at  hand,  which  is  producing  lumber.  As  a  resiilt, 
the  supply  price  of  the  residues  may  increase  out  of  all  proportion  to 
the  extra  preparations  involved. 

An  illustration  of  this  principle  is  the  operators'  present  at- 
titude toward  the  sale  of  slabs  for  firewood.   Large  quantities  of 
whole  slabs  are  currently  being  delivered  distances  up  to  10  miles  at 
prices  averaging  $4.25  per  cord.   Slabs  cut  into  stove  lengths  bring 
$1^.50  per  cord,  but  this  higher  price  attracts  only  a  handful  of 
operators.   Most  apparently  feel  that  the  added  income  does  not  jus- 
tify the  extra  equipment,  labor,  and  sales  effort  required. 

To  overcome  this  resistance  to  adding  other  enterprises  to 
that  of  producing  lumber,  either  the  selling  of  slabs  for  pulping 
must  be  made  easy,  or  a  relatively  high  price  must  be  offered.   Only 
in  these  ways  can  any  large  part  of  the  potential  slab  supply  be 
tapped. 

Transportation 

The  third  main  problem  of  slabwood  salvage  is  that  of  trans- 
portation.  Slabs,  as  they  come  from  the  saw,  contain  a  great  deal  of 
bark.   In  the  case  of  pine  slabs,  for  example,  the  bark  is  nearly  25 
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percent  of  the  volume.  This  hark  is  as  heavy  as  the  wood  and,  at  pres- 
ent, is  useful  only  as  boiler  fuel.  Therefore,  it  is  not  economical 
to  transport  it  any  great  distance. 

Also  troublesome  are  the  irregular  shapes  and  random  lengths  of 
slabs,  which  make  them  difficult  to  load  solidly  on  open-bunk  or  flat- 
bed trucks,  the  only  types  most  sawmills  own.  Box  or  rack  trucks,  even 
if  available,  would  not  be  too  practical,  since  they  would  complicate 
the  \inloading.   The  truck  haul  from  sawmill  to  first  destination  might 
be  made  easier  by  means  of  specially  designed  pallets  or  steel  strap- 
ping.  However,  if  these  package-loads  were  to  be  hauled  on  sawmill 
trucks,  they  would  require  some  sort  of  self-loading  racks,  since  de- 
vices capable  of  lifting  so  much  weight  are  seldom  to  be  found  at 
small  sawmills. 

For  long  hauls  or  rail  shipment,  even  these  methods  would  not 
be  too  effective  in  reducing  cost.   For  one  thing,  the  "pay  load"  would 
be  seriously  limited  by  the  high  proportion  of  bark.   Therefore,  the 
bark  should  be  eliminated  as  near  the  source  as  possible,  i.e.,  at 
the  sawmill  or  a  rail  loading  point.  At  the  same  time,  it  might  be 
possible  to  chip  the  slabs. 

Chips  have  the  advantage  of  being  easily  loaded  and  unloaded 
by  means  of  conveyors,  impellers,  or  blowers  at  about  half  the  cost 
of  standard  pulpwood  bolts.   The  costs  of  loading  and  \inloading  solid 
slabwood  woiold  presumably  exceed  those  of  round  piilpwood,  at  least  by 
hand  methods . 

After  chipping,  a  128-cubic-foot  cord  of  wood  occupies  200  cu- 
bic feet  of  space.   Thus,  a  standard  J40-foot  box  car  loaded  8  feet  deep 
with  pine  chips  would  contain  the  equivalent  of  1^.5  cords  of  wood,  and 
the  chips  would  be  likely  to  weigh  between  55,000  and  60,000  pounds. 
This  compares  favorably  with  the  average  loading  of  round  pulpwood^ in 
box  cars.   In  the  West,  chips  are  transported  distances  up  to  70  miles 
by  heavy  truck  and  200  by  rail. 

Bark  Removal 

At  present,  there  is  no  whole-log  barker  designed  for  small- 
mill  use.   One  may  soon  be  placed  on  sale  at  about  $5000,  but  even 
this  investment  would  be  hard  to  justify  at  a  mill  sawing  less  than 
3  million  board  feet  a  year.   In  fact,  the  barker  and  its  power  unit 
would  approach  the  average  operator's  total  investment  in  mill, 
trucks,  and  logging  equipment.   In  the  case  of  portable  sawmills, 
the  barker  would  also  add  another  piece  of  heavy  equipment  to  be 
moved  from  place  to  place.   Thus,  for  the  immediate  future,  at  least, 
log  barking  does  not  appear  to  be  the  complete  answer  to  the  problem 
of  bark  removal . 
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Experiments  "by  southern  pulp  companies  have  included  a  number 
of  attempts  to  dehark  slabs  in  the  large  drums  designed  for  round 
wood.   These  tests  showed  that  only  the  heaviest  slabs  could  be  suc- 
cessfully debarked  in  this  manner.   Since  hand-peeling  was  clearly 
too  expensive,  an  effort  was  made  to  sort  out  slabs  suitable  for 
drum-barking.   This  also  proved  impracticable,  because  it  involved 
so  much  handling. 

Outside  the  South,  efforts  to  peel  slabs  have  been  more  spe- 
cialized and  more  successful.   In  the  West,  hydraulic  slab  barkers 
have  been  in  operation  for  a  number  of  years.   They  do  a  clean  job 
and  are  said  to  waste  little  wood.   However,  their  cost  and  high 
power  and  water  requirements  prevent  their  use  except  where  there 
are  great  concentrations  of  slabs,  as  at  a  pulpmill.   Specially- 
designed  drum  barkers  are  also  reportedly  in  use. 

In  eastern  Canada,  slabs  are  sometimes  barked  by  small  cutter- 
head  peelers  known  as  "buzz  barkers."  With  a  2-man  crew,  these  bark- 
ers can  process  5  cords  a  day._5/  Their  principal  disadvantage  is 
that  the  average  yield  of  chips  is  only  0.4  units  (of  200  cubic  feet) 
per  thousand  board  feet  compared  to  0.6  units  when  whole-log  barkers 
are  used.   So  great  a  loss  (one-third)  might  well  be  prohibitive  if 
the  slabs  were  purchased  and  transported  some  distance  before  peel- 
ing.  On  the  other  hand,  buzz  barkers  are  inexpensive  to  purchase, 
require  little  power,  and  have  sirfficient  capacity  to  handle  the 
full  output  of  a  sawmill  cutting  10  to  12  thousand  board  feet  a  day. 

More  promising,  in  some  respects,  are  the  possibilities  of 
removing  the  bark  after  chipping  rather  than  before.   During  the 
peeling  season,  the  jar  of  the  chipper  knives  alone  is  siifficient 
to  separate  bark  and  wood.  At  other  seasons,  further  treatment  is 
needed.   Eberhardt£/  has  described  the  "shaker  aspiration"  method 
of  removing  bark  from  chips.   The  equipment  for  the  process  consists 
of  a  "drubber,"  screens,  and  an  aspiration  hood.   The  drubber  sizes 
the  chips  and  knocks  the  bark  loose  from  the  wood.   Leaving  the  drub- 
ber, the  chips  pass  to  screens  that  remove  those  that  are  over-size 
for  further  reduction  in  the  drubber,  and  thence  to  smaller-mesh 
screens  that  remove  the  fines,  which  are  principally  bark.   Bark  still 
remaining  with  the  acceptable  chips  is  separated  under  the  aspiration 
hood.   In  this  way,  all  but  U  to  7  percent  of  pine  bark  is  removed. 
The  accompanying  loss  of  wood  is  only  about  10  percent,  and  output  is 
h   tons  of  chips  per  hour.   Shaker  aspiration  equipment  is  now  ready 
for  commercial  installations  in  this  region. 


5/  Jenkins,  J.  H.   Wood  waste  utilization  in  Canada.   Canada 
Dept.  Res.  &  Dev.,  Forestry  Branch  Bui.  IO3,  1952. 

6/  Eberhardt,  L.   (Bauer  Bros.  Co.,  Springfield,  0.).   Removal 
of  bark  from  chips  and  wood  pulp.   Paper  Trade  Jour.  Vol.  135^  No.  25, 
Dec.  19,  1952 
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Another  alternative  to  peeling  logs  or  slabs  is  to  chemically 
debark  the  standing  trees.  Under  this  method,  the  trees  are  girdled 
and  a  solution  of  sodium  arsenite  applied  to  the  girdles.   Trees  so 
treated  during  the  late  spring  die  within  a  few  days  and  are  largely 
bark-free  by  fall.   However,  the  method  has  three  drawbacks  when  ap- 
plied to  sawtimber  in  this  region.   The  first  is  that  few  lumbermen 
buy  timber  very  far  in  advance.   Second,  any  cautious  landowner  would 
insist  on  payment  in  full  before  poisoning  began,  thus  forcing  the 
purchaser  to  tie  up  his  money  for  several  months .   Third,  and  most 
important,  is  the  possible  depreciation  in  the  value  of  the  dead 
trees  through  insect  damage  and  stain. 

So  much  for  the  mechanics  of  debarking.  Apparently,  devices 
already  available  make  it  feasible  to  remove  bark  at  the  sovocce,    at 
a  pulpmill,  or  at  an  intermediate  concentration  point.   Other  equip- 
ment and  methods  will  undoubtedly  appear  when  there  is  a  demand  for 
them.   Thus,  it  seems  safe  to  assume  that  factors  other  than  the  limi- 
tations of  the  equipment  will  determine  where  the  debarking  can  best 
be  done.   Such  considerations  as  a  desire  to  keep  portable  sawmill 
equipment  weights  low,  the  need  to  eliminate  bark-weight  before  rail 
shipment,  or  the  possible  economies  of  large-scale,  semiautomatic 
operation  will  more  than  likely  dictate  not  only  where  the  debarking 
is  to  be  done  but  the  type  of  machinery  required. 

Chipping 

Closely  akin  to  the  problem  of  debarking  is  that  of  chipping. 
The  gravity-feed  chipper  is  the  one  commonly  used  to  chip  round  wood 
at  pulpmills.  Its  advantages  are  speed  and  easy  adaptability  to 
sticks  with  a  broad  range  of  diameters .  However,  gravity-feed  chip- 
per s  have  not  been  too  satisfactory  in  tests  with  slabs,  the  light 
weight  and  irregular  shape  of  which  cause  them  to  jump  in  the  hopper 
and  produce  chips  that  are  not  uniform.  Short  slabs  also  contribute 
to  the  proportion  of  miscut  chips. 

Fortunately,  there  is  a  solution  for  this  problem.  Manufac- 
turers say  that  force -feed  chipper s  can  produce  uniform  chips  from 
odd- shaped  pieces  of  wood  only  one  foot  long.   F\irthermore,  these 
chipper s  can  be  made  small  enough  and  light  enough  to  be  easily  port- 
able.  Of  course,  regardless  of  the  machine  used,  the  best  chips  are 
obtained  from  long  material.   Thus,  crosscutting  slabs  into  standard 
lengths  woLild  reduce  the  yield  of  uniform  chips. 

None  of  the  Delta  sawmills  has  siifficient  production  to  keep 
a  chipper  running.   Therefore,  to  handle  slabs  currently  there  would 
have  to  be  a  central  chipper  installation  to  which  whole  slabs  coiild 
be  broioght  from  a  number  of  mills. 

Greater  flexibility  would  be  possible  with  small  portable  chip- 
pers  operated  in  conjunction  with  a  separation  system  such  as  the 
"shaker  aspirator,"  capable  of  separating  chips  into  their  bark  and 
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wood  components.   One  or  more  "shaker  aspirators"  wo\ild  be  installed 
at  a  concentration  point  on  a  railroad.  As  soon  as  a  sawmill  moved 
from  a  set,  a  chipper  would  move  in  to  salvage  the  slab  pile.   Chip 
delivery  could  be  by  semi-trailers. 

Since  it  would  presuinably  cost  more  to  operate  several  small 
chippers  than  one  large  one,  the  most  effective  use  of  portable  chip- 
pers  might  be  to  supplement  a  large  central  installation.   The  latter 
would  supply  most  of  the  ordinary  day-to-day  chip  requirements,  while 
the  former  provided  a  means  of  vaiying  chip  output  at  will.   In  this 
way,  seasonal  fluctuations  in  deliveries  of  either  pulpwood  or  slabs 
could  be  compensated  for. 

A  Suggested  Procedure 

From  experience  to  date,  it  seems  evident  that  rough  slabs 
from  small  sawmills  cannot  be  directly  substituted  for  round  pulp- 
wood.   Certainly,  they  cannot  be  debarked  by  usual  round-wood  meth- 
ods, and  they  probably  cannot  be  chipped  satisfactorily  in  existing 
pulpmill  chippers.   They  also  pose  a  somewhat  different  transporta- 
tion problem.   Consequently,  whether  pulp  companies  are  able  to  uti- 
lize sawmill  residues  profitably  will  depend,  in  part,  on  their 
willingness  to  invest  in  specialized  machinery  and  other  new  facil- 
ities .   It  will  also  depend  on  organizing  a  procurement  system  cap- 
able of  purchasing  and  assembling  slabs  from  a  great  number  of  scat- 
tered sawmill  sets  at  minimum  cost.   Finally,  the  entire  program 
should  be  designed  to  make  the  selling  of  slabwood  easy  for  poten- 
tial suppliers . 

If  these  are  the  important  requirements  for  success  in  sal- 
vaging sawmill  residues,  the  most  promising  single  solution  to  the 
whole  problem  would  appear  to  be  the  establishment  of  conveniently 
located  concentration  yards  equipped  with  debarking,  chipping,  and 
chip-loading  machinery.   Rough  slabs  could  reach  these  yards  by 
short  haul  on  ordinary  log  or  lumber  trucks,  the  chipping  operation 
would  be  susceptible  to  strict  quality  control,  and  the  bark  and 
fines  would  be  eliminated  prior  to  rail  shipment.   Once  at  the  pulp- 
mill,  the  chips  could  be  introduced  directly  into  the  chip- conveyor 
system  with  a  minimum  of  equipment  or  handling. 

Contracts  with  20  to  30  of  the  larger  lumber  producers  should 
result  in  yard  deliveries  of  up  to  100  cords  of  slabwood  daily  in 
the  Delta  area.  Additional  quantities  might  be  obtained  as  needed 
by  spot-purchase  of  entire  slab  piles.  An  alternative  procurement 
plan  is  to  have  a  buyer  on  duty  six  days  a  week  at  each  yard  pre- 
pared to  buy,  without  need  of  prior  agreement,  every  soimd  slab 
delivered  and  to  pay  an  established,  advertised  price.   Thus,  a  po- 
tential seller  would  know  just  what  he  could  get  for  his  slabs 
whenever  he  is  ready  to  deliver  them.   Other  slabs  might  be  picked 
U-P  by  yard-operated  trucks  from  custom  sawmills  and  landowners  un- 
able to  do  their  own  hauling. 
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Concentration  yards  might  be  maintained  either  "by  the  piilp  com- 
panies or  by  contractors.   It  might  even  be  possible  to  interest  already 
existing  lumber  concentration  yards  in  concentrating  lumber  residues  as 

well 

Several  paper  companies  now  drawing  pulpwood  from  the  Delta  area 
are  studying  the  possibility  of  pLirchasing  sawmill  residues.   Some  one 
of  them  will  probably  launch  a  salvage  program  on  a  trial  basis  before 
many  months.   When  that  time  comes,  the  concentration  yard  approach 
shoilLd  receive  first  consideration. 


Agriculture - -Ashe villa 
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PROGRESS  IN  DEVELOPMENT  OF  KFTICIENT  TURPENTINING  METHODS 

By 

Albert  G.  Snow,  Jr. 
Lake  City  (Florida)  Research  Center 


INTRODUCTION 


Considerable  progress  has  been  made  during  the  past  5  years  in 
the  development  of  more  efficient  turpentining  methods  for  use  on  slash 
and  longleaf  pines  (18,19,20,21,22,23,23).^  The  backbone  of  this  pro- 
gress rests  in  the  use  of  bark  chipping,  with  sulfuric  acid  treatment 
on  a  2-week  schedule.   Original  work  on  the  use  of  different  chipping 
systems  and  treatments  with  many  different  chemicals  was  reported  in 
19^^  (28).   This  initial  summary  publication  contains  a  comprehensive 
digest  of  all  the  early  work  and  serves  as  a  progress  report  on  the 
studies  completed  before  then.  A  19^8  publication  (_^)  covers  the  next 
k   years  of  progress  in  studies  of  many  different  turpentine  systems, 
and  contains  practical  recommendations  for  the  producer,  based  on  experi- 
mental data  collected  through  19^7* 

Since  19^7  all  of  these  earlier  studies  have  been  completed.   In 
addition,  other  experiments  have  furnished  further  information  on  more 
efficient  turpentining  systems.  The  present  paper  will  cover  the  re- 
sults of  all  experiments  conducted  since  19^7,  and  draw  conclusions  based 
on  the  consolidated  information  gained  during  the  past  10  years  of  con- 
centrated research  effort. 


PROCEDURES 


The  same  general  procedures  described  in  previous  reports  (28,31) 
were  followed  in  the  experiments  reported  in  this  paper.  We  had  found 
that  the  most  efficient  experimental  approach  to  testing  a  number  of  dif- 
ferent treatments  in  naval  stores  studies  consisted  of  first  arranging 


1/  Underlined  numbers  in  parenthesis  refer  to  literature  cited. 


the  trees  in  groups  of  similar  gum-yielding  ability  on  the  basis  of  yields 
obtained  from  an  average  of  four  calibration  streaks.  Then  the  experi- 
mental treatments  were  assigned  at  random  to  the  trees  within  each  yield 
group.  Usually  10  to  15  trees  were  assigned  each  treatment. 

Both  slash  and  longleaf  pine  are  economically  important  in  the 
naval  stores  industry,  and  early  studies  demonstrated  a  different  treat- 
ment response  for  each  species,  so  duplicate  experiments  were  started  in 
most  cases.  All  experiments  were  conducted  in  second-growth  stands  on  the 
Osceola  National  Forest  in  northern  Florida,  Yields  for  slash  pine  were 
averaged  for  northeastern  Florida,  Yields  from  longleaf  were  somewhat  low, 
since  the  longleaf  sites  available  were  not  the  best,  though  characteristic 
of  many  in  this  area. 

Every  two  or  three  weeks,  depending  on  the  chipping  frequency,  gum 
yields  were  obtained  by  weighing  to  the  nearest  gram.  These  figures  were 
later  converted  to  gum  yields  in  barrels  (^35  pounds  of  gum  net)  per  crop 
of  10,000  faces.  In  this  way  both  yield  trends  and  total  yields  were  ob- 
tained for  individual  trees  and  treatment  groups. 

The  same  miscellaneous  details  of  experimental  techniques  used  pre- 
viously (28,31)  were  also  incorporated  in  the  studies  reported  in  this 
paper.  These  include:  face  widths  I/3  circumference  unless  otherwise 
stated;  tins  fastened  on  with  either  tapered  cut  tacks  or  double-headed 
nails,  in  both  virgin  and  elevating  operations,  according  to  modern  recom- 
mendations (9,2|+, 36) ;  streaks  chipped  l/2-inch  deep  and  l/2-inch  high 
(1/2  X  1/2)  with  a  No.  0  hack;  bark  chipping  (BC)  with  a  standard  bark 
hack  or  bark  puller;  chemical  solutions  applied  with  the  latest  Evans  or 
Nichols  plastic  squeeze  sprayer. 


FACTORS  AFFECTING  YIELD  OF  TREATED  TREES 


Virgin  Cupping  Methods 

Original  studies  with  deep  chipping  showed  that  gum  yields  were 
less  from  trees  with  gutters  inserted  with  a  broadaxe  than  from  trees 
with  the  gutters  tacked  in  shallow  streaks  (29).  This  decrease  in  yield 
with  deep  gutter  insertions  was  attributed  to  interference  with  the  move- 
ment of  necessary  food  and  water. 

With  increasing  numbers  of  acid  users  who  practice  bark  chipping, 
the  question  arose  whether  this  same  loss  in  gum  yield  with  inserted  gut- 
ters held  true  for  the  new  method  of  chipping.  In  order  to  answer  this 
question,  the  study  reported  in  table  1  was  started  in  1950. 

These  results  with  bark  chipping  and  acid  treatment  substantiate 
those  of  the  previous  work  with  untreated  deep  chipping  (29).  In  addi- 
tion, they  strengthen  materially  our  original  concept  that  the  depth  of 
gutter  insertion  should  be  no  deeper  than  the  depth  of  chipping.  This 
means  that  with  bark  chipping  the  tins  must  be  fastened  on  the  surface 
of  the  exposed  wood  or  on  smoothed  bark  to  insure  maximum  yields. 
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Table  1. — Relative  gum  yields  for  two  methods  of  hanging 

tins  in  virgin  cupping 


[                             Gum  yields  per  cropi/ 

Type  of  installation 

\              Slash 

1        Longleaf 

1951 

1950     :     1951 

Broadaxe  incision 
Nailed  on  surface 


LS: 


D^ 


bhls.  per  crop 


Bhls. 

256.6 
286.9 


k2.k 


Bbls. 

li^T.6 
198. 7 


39.5 


Bbls. 

129.2 
175.  i^ 


42.9 


1/  Average  yield  per  crop  (10,000  faces)  for  32  weeks.  All  trees 
were  bark  chipped  every  2  weeks  and  treated  with  50-percent  sulfuric  acld< 

2/  Least  significant  difference  between  treatments  at  5-percent 
level.  Same  level  used  for  all  tables  in  this  report. 


The  data  of  table  1  show  that  in  slash  pine  a  slight,  but  not  signi- 
ficant increase  in  gum  yield  was  obtained  the  first  year  from  trees  with 
gutters  fastened  on  the  surface  of  smoothed  bark  than  from  trees  with  gut- 
ters inserted  with  a  broadaxe.   In  longleaf  this  Increase  averaged  35  per- 
cent for  2  years  of  work  and  was  significant  at  the  5 -percent  level.  This 
indicates  the  increased  profits  that  may  be  obtained  with  a  conservative 
gutter  installation  technique,  since  little  or  no  extra  cost  is  involved. 

The  availability  of  "spiral"  gutters  (2|+)  greatly  facilitated  con- 
servative virgin  tin  installation  work.   Tlie  exact  method  to  use  is  des- 
cribed in  detail  in  a  previous  publication  (9).   This  latter  article  also 
cites  the  multiple  advantages  offered  by  the  new  method  of  virgin  cupping 
with  spiral  gutters.  These  advantages  are: 

1.  Virgin  yields  are  increased  over  those  obtained  with 
the  old  axe -maul  method. 

2.  Over-all  production  costs  are  reduced,  as  one  cup,  one 
set  of  double-headed  nails,  and  one  set  of  tins  can  be 
used  for  the  life  of  the  face. 

3.  The  chipping  of  a  "healing"  or  "lead"  streak  with  this 
method  is  not  necessary.  Elimination  of  this  job  means 
more  profit  per  barrel  of  gum  for  the  producer. 

h.     Finally,  a  metal-free  tree  trunk  permits  the  entire  tree 
to  be  harvested  for  sawlogs,  pulpwood,  or  poles,  thus  re- 
turning the  greatest  value  for  stumpage  following  turpen- 
tining. 
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Diameter 

Several  sources  of  information  about  the  gum-yield  level  to  be  ex- 
pected from  trees  of  different  diameter  are  available  (l,3T>38).  The 
yields  in  these  publications  were  based  on  the  old  method  of  weekly  deep 
chipping.  There  are  no  published  data  on  the  relative  yields  from  trees 
of  different  diameter  with  bark  chipping  and  acid  treatment,  except  for 
one  study  on  trees  4  to  8  inches  in  diameter  (3l)»  ^  study  was  started 
in  19^9  to  obtain  relative  information  on  yields  to  be  expected  from  trees 
of  different  diameters  when  turpentined  by  the  old  untreated  weekly  deep- 
chipping  method,  and  by  the  modern  system  of  acid  treatment  of  bark  chip- 
ping on  a  2-week  schedule.  This  study  presents  the  first  real  evidence 
that  the  same  relationship  holds  true  with  bark-chipped  and  acid-treated 
trees  (table  2).   In  both  species  the  maximiim  yield  in  acid  treated  trees 


Table  2. --Comparative  gum  yields  for  trees  9  to  13  inches  d.b.h. 
worked  by  different  methods 
(in  barrels  per  crop) 
SLASH  PINE 


1  / 

Gum 

yield 

Yield 

per   inch  of  face  width 

191+9 

;              1950 

;  1951  ; 

Average 

191+9 

;    1950 

!  1951 

\  Average 

Untr.    1/2 

X  1/2  wkly 

D.b.h. 

9.0-  9.9 

133.3 

II+2.3 

129.0 

13*^.9 

II+.03 

11+.  98 

13.58 

II+.20 

10.0-10.9 

171^.5 

201.6 

181.6 

185.9 

16.62 

19.20 

17.30 

17.70 

11.0-11.9 

I7I+.3 

182.3 

181+.1+ 

180.3 

15.16 

15.85 

16.03 

15.68 

12.0-12.9 

229.3 

226.6 

215.5 

223.8 

18.31+ 

18.13 

17.21+ 

17.90 

13.0-13.9 

270.3 

280.1+ 

271+.1 

27I+.9 

20.02 

20.77 

20.30 

20.36 

Acid  BC  X 

5/8  bwkly 

D.b.h. 

9.0-  9.9 

152.8 

132.0 

105.8 

130.2 

16.08 

13.89 

11.11+ 

13.70 

10.0-10.9 

191.8 

I6I+.I 

11+1+.5 

166.8 

18.27 

15.63 

13.76 

15.88 

11.0-11.9 

220.3 

193. i^ 

156.0 

189.9 

19.16 

16.82 

13.56 

16.51 

12.0-12.9 

300.6 

270.5 

261.5 

277.5 

2I+.O5 

21.61+ 

20.92 

22.20 

13.0-13.9 
per  crop 

300.6 

252.3 

21+3.9 

265.6 

22.27 

18.69 

18.07 

19.67 

LSD  bbls 

1+7.1+ 

1+9.9 

51. 1+ 

LONGLEAF  PINE 

Untr.    1/2 

X  1/2  wkly 

D.b.h. 

9.0-  9.9 

lll+,l 

111.8 

110.7 

112.2 

12.01 

11.77 

11.65 

11.81 

10.0-10.9 

121+.8 

116.6 

110.9 

117.1+ 

11.88 

11.10 

10,56 

•    11.18 

11.0-11.9 

168.6 

162.9 

160.0 

163.8 

1I+.66 

1I+.16 

13.91 

II+.25 

12.0-12.9 

166.7 

167.6 

163.0 

165.8 

13.31+ 

13.1+1 

13.01+ 

13.26 

13.0-13.9 

217.0 

213.6 

196.9 

209.2 

16.07 

15.82 

1I+.58 

15.1+9 

Acid  BC  X 

5/8  bwkly 

D.b.h. 

9.0-  9.9 

178.8 

11+5.1 

127.0 

150.3 

18.82 

15.27 

13.37 

15.82 

10.0-10.9 

215.5 

166.0 

159.8 

180.1+ 

20.52 

15.81 

15.22 

17.18 

11.0-11.9 

21+8.5 

215.0 

203.8 

222.1+ 

21.61 

18.70 

17.72 

19.31+ 

12.0-12.9 

313.5 

2I+7.O 

236.7 

265.7 

25.08 

19.76 

18.91+ 

21.26 

13.0-13.9 
,   per  crop 

290.9 

21+9.3 

223.5 

25I+.6 

21.55 

18.1+7 

16.56 

18.86 

LSD  bblE 

59.1 

53.7 

51+.7 

u 

Treatment  v 

^Ith   50 

-percent  sulfur 

ic  acid;   d.b.h. 

is  diameter  breast  high 

In  inches 
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was  obtained  from  the  12-inch  diameter  class  with  yield  from  the  13-inch 
class  dropping  off  slightly,  Bokor  u    reported  on  a  similar  situation 
on  Pinus  sylvestris  in  Hungary.  He  found  that,  "......with  untreated 

chipping,  yield  increased  with  d.b.h.,  reaching  a  maximum  at  about  13.7 
inches  and  then  changing  little,  while  with  hydrochloric  acid  treatment 
the  yield  increases  rapidly  with  d.b.h.,  reaching  a  maximum  at  about  17.7 
inches,  then  declining,"  We  do  not  know  whether  or  not  a  similar  situa- 
tion exists  in  our  species  since  there  is  no  information  available  on  the 
higher  diameter  classes  from  which  to  establish  a  definite  trend.  However, 
upon  examination  of  the  basic  yield  data  it  appears  that  the  drop  in  yield 
of  the  13-inch  class  is  the  result  of  sampling  error  rather  than  an  indi- 
cation of  a  leveling-off  point.  The  average  yields  that  may  be  expected 
in  the  vicinity  of  Lake  City,  Florida,  are  shown  in  figures  1  and  2. 
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TREES  WITH    ACID-TREATED  AND 
UNTREATED  STREAKS   COMBINED 


Figure  1. — Relation  of  gim  yield 
to  tree  diameter  in  slash  pine. 
Yields  of  trees  wood  chipped  every 
week  but  not  treated,  and  trees 
bark-chipped  every  2  weeks  and 
treated  with  acid  are  combined. 
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2/  Bokor,  R,  The  intensification  of  resin  production  in  Hungary, 
Ann,  Fac.  Silvat.  Univ.  Agr.  Sopron  l(l):  319-37.  1950. 
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Figure  2.-Relation  of  gum  yield  to  tree  diameter  in  longleaf  Pjj^'  "P^f^^ 
line-trees  bark  chipped  every  2  weeks  and  treated  with  sulfuric 
acid.  Lower  line-trees  wood  chipped  every  week  and  not  treated 
with  acid. 
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Basically  one  would  expect  that  yields  from  larger  trees  would  be 
greater,  since  face  widths  of  1/3  circumference  were  used.  Thus  larger 
trees  had  wider  faces,  and  increased  yields  might  be  attributed  to  these 
wider  faces.  However,  these  data  show  that  tree  size  has  a  further  in- 
fluence on  yields  beyond  that  of  wider  faces  alone.  This  is  Illustrated 
in  the  summarized  results  shown  in  figure  3.  These  data  also  show  that 
the  yields  per  inch  of  face  width  are  progressively  greater  as  diameters 
Increase. 

Many  producers  ask  whether  trees  smaller  than  9  inches  in  diameter 
can  be  worked  profitably  with  modern  turpentining  methods,  A  partial 
answer  to  this  question  was  given  in  earlier  work  ( 31) •  At  that  time,  it 
was  felt  that  some  trees  in  the  8-  to  9-inch  class  could  be  worked  under 
favorable  circumstances.  A  more  intensive  study  of  yields  from  trees  in 
diameter  ranges  just  below  9  inches  gave  the  results  shown  in  table  3. 

The  yield  level  for  trees  in  the  7-inch  diameter  class  is  defin- 
itely and  uniformly  low  for  all  treatments  in  both  slash  and  longleaf . 
This  would  be  the  expected  result  since  the  smallest  trees  were  defin- 
itely in  the  intermediate  class  in  a  moderately  crowded  old-field  stand. 
However,  yields  from  8-inch  trees  chipped  on  a  biweekly  schedule  approach 
the  volume  needed  for  a  minimum  commercial  operation.   This  adds  to  our 
previous  knowledge  and  makes  it  possible  to  suggest  a  limited  recommenda- 
tion. These  data  suggest  that  8-inch  trees  might  be  worked  profitably 
under  specific  conditions.  We  would  advocate  turpentining  of  8-inch  trees 
only  if  they  had  good  crowns,  were  not  overmature,  and  only  if  done  prior 
to  intermediate  or  harvest  cuts  where  removal  of  these  8-inch  trees  would 
benefit  the  residual  stand.  Even  then,  their  yield  would  tend  to  be  mar- 
ginal, and  8-inch  trees  should  be  included  mainly  for  the  purpose  of  mak- 
ing an  operable  turpentine  chance. 

Yield  Level 

Trees  vary  considerably  in  their  ability  to  produce  gum.  This  vari- 
ation is  so  great  that  a  few  outstanding  individuals  have  been  segregated 
for  special  work  in  forest  tree  improvement  (11,12).   It  is  possible  that 
at  some  future  time  we  will  have  trees  in  some  of  our  forests  which  are 
mainly  high  yielders  ( lO) .   In  the  meantime  we  have  the  common  mill-run 
average  to  turpentine.   Preliminary  studies  of  these  trees  (31)  indicated 
that  different  yielding  categories  occurring  in  the  same  uniform  stands 
respond  differently  to  acid  treatment.  This  is  further  illustrated  in  the 
results  shown  in  figure  k» 

The  relative  differences  in  these  results  are  striking  and  show  a 
definite  trend,  as  indicated  in  table  k. 

The  greatest  relative  yield  increase  occurred  in  the  trees  which 
were  initially  classed  as  low  yielders.  The  smallest  increase  due  to  acid 
treatment  was  found  in  the  groups  of  highest  yield  level.  The  answer  to 
the  question,  "Why  do  high-yielding  trees  have  a  lower  response  to  acid 
than  do  low-yielding  trees?"  is  probably  closely  associated  with  the  total 
amount  of  gum  produced.  We  have  demonstrated  in  many  studies  (28,31)  that 
a  certain  maximum  yield  level  cannot  be  sustained  over  any  great  period  of 
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DIAMETER 

IN  INCHES 

(DBH) 


SLASH 

BARRELS   OF    SUM 
PER         PER    INCH   OF 
CROP        FACE    WIDTH 


130 


167 


190 


278 


266 


13.7 


15.9 


16.5 


22.2 


19.7 


L0N6LEAF 

BARRELS   OF    SUM 
PER  PER    INCH  OF 

CROP         FACE    WIDTH 


150 


ISO 


222 


266 


255 


15.8 


17.2 


19.3 


21.3 


18.9 


FACE   WIDTH 
1/3  CIRCUMFERENCE 


(ALL    TREES    BARK     CHIPPED    AND    TREATED 
WITH    ACID    EVERY    OTHER     WEEK) 


Figure  3. --Gum  yield  from  trees  of  different  diameter.  Yield  per  crop  nearly 
doubles  from  9  to  13  inches,  and  yield  per  inch  of  face  width  is 
also  greater  in  larger  trees. 
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Table  3« — Gum  yields  obtained  from  trees  In  different  diameter  groups  with 

several  methods  of  working 
SLASH  PINE 


Treatment 


1/ 


Gum  yield  per  crop  [     Relative  gum  yields 


D.b.h. 


19^7   '  19^8 


19^7 


19i^8 


Weekly  (untr.) 
Biweekly  (acid) 

Triweekly  (acid) 

LSD  bbls  per  crop 


Inches 


Bbls. 


39.2 


Bbls. 


kk,Q 


Percent 


Percent 


9+ 

212. 

.7 

220.7 

100 

100 

7- 

-8 

100. 

7 

106.5 

kl 

kQ 

8 

-9 

131. 

.1 

13^^.6 

62 

61 

94- 

207. 

.0 

230.9 

97 

105 

7- 

-8 

66, 

0 

80.9 

31 

37 

8 

-9 

83. 

1 

99.1 

39 

^5 

9+ 

12i+. 

7 

li^2.0 

59 

6k 

LONGLEAF  PINE 


Weekly  ( untr . ) 
Biweekly  (acid) 

Triweekly  (acid) 

LSD  bbls  per  crop 


9+ 

7-8 
8-9 
9+ 

7-8 
8-9 
9+ 


1^4-1.7 

92.3 
135.3 
161.8 

63.3 

92.k 

116.0 


137.1 

80.7 

125.4 

150.7 

77.9 
106.8 
122.  i+ 


28.9 


36.6 


100 

65 

95 
lll^ 

h5 
65 
82 


100 

59 

91 

110 

57 
78 
89 


1/  Weekly  trees  chipped  1/2  x  l/2;  others  bark  chipped  l/2-inch 
high.  Face  widths  all  1/3  circiunference;  sulfuric  acid  in  a  concentra- 
tion of  i<-0  percent  for  slash  and  60  percent  for  longleaf  pine. 
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Table  4. --Relative  yield  differences  for  treated  and 
untreated  trees  of  three  yield  levels 


Yield  level 


Relative  differenc 


'^ 


Slash       ]   Longleaf 


28 

85 

86 

76 

124 

187 

Percent         Percent 
High 
Average 
Low 

1/  Percent  figures  represent  the  percent  yield 
increase  due  to  acid  treatment. 


time.  High  yielders  are  already  producing  more  gum  than  average  trees. 
Yield  trends  show  that  initially  in  high  yielders  the  yield  "boost  given 
by  acid  lasts  for  only  about  3  months  (_3l)  •  In  contrast  to  this,  the 
yield  boost  given  low  yielders  by  acid  is  prevalent  during  most  of  the 
season.  We  can  then  conclude  that  temporarily  the  continuous -yielding 
ability  of  high  yielders  is  exceeded,  but  in  low  yielders  it  is  not. 

Frequency  of  Chipping  and  Treatment 

One  of  the  most  important  factors  determining  the  efficiency  of 
turpentining  with  modern  methods  is  the  frequency  with  which  the  trees 
are  chipped  and  treated.   In  the  old  days  of  deep  chipping  the  trees 
were  visited  about  once  a  week  during  the  regular  season.  Sometimes 
during  the  hot  months  of  July  and  August  more  frequent  visits  were  made 
to  chip  the  trees  (l).  There  was  an  abundant  supply  of  labor  in  those 
days. 

Now  the  picture  is  different,  with  labor  hard  to  get  and  difficult 
to  keep.  But  with  less  labor  and  the  use  of  modern  bark  chipping  and  acid 
treatment,  the  turpentine  operator  can  still  produce  as  much  gum  as  before 
and  produce  it  more  efficiently.   This  involves  the  use  of  chipping  inter- 
vals of  2  weeks.  A  laborer  can  handle  nearly  twice  as  many  trees,  and  with 
the  increased  yield  resulting  from  the  use  of  acid  produce  as  much  gum  as 
two  men  working  with  old-fashioned  methods. 

Because  of  the  importance  of  the  frequency  of  chipping  and  treat- 
ment, considerable  work  has  been  reported  previously  (2,3,4,5,6,7,28,30,31) 
on  this  subject.  These  publications  have  covered  most  of  the  advantages 
of  the  several  frequencies  that  may  be  used,  and  point  out  which  will  be 
best  for  any  given  situation.  Also,  most  of  the  other  work  reported  in 
this  paper  contains  information  on  the  relative  efficiencies  of  schedules 
of  1-,  2-,  or  3-'week  chipping  intervals. 

-  11  - 


Additional  work  not  reported  before  is  suramaxized  in  table  5. 
This  study  covers  6  years  of  front-face  work,  and  an  additional  2  years 
of  back-face  results.  Although  general  yield  levels  are  low,  the  yields 
over  the  entire  period  of  8  years  are  good  with  a  3-week  chipping  and 
treatment  schedule.  This  3-week  schedule  Is  particularly  good  in  long- 
leaf,  and  further  emphasizes  identical  results  of  Infrequent  schedules 
obtained  in  other  longleaf  experiments.  Slash  pine  results  are  not  so 
outstanding,  but  on  the  basis  of  yield  per  streak,  compare  favorably 
with  regular  weekly  deep  chipping. 


Table  5. --Comparative  gum  yields  for  8  years  of  work  by  two 

different  treatment  methods 


(In  barrels  per  crop) 
SLASH  PINE 


Treatment 


1/ 


Front  face 


i^kk  ;  19^5  ;  19^6  ;  19^7  ;  19^8  ;  i9i^9 


Backface 


1950  :  1951 


Weekly 

1/2  X  1/2  Untr.   166.6  175.0  206.1  232.9  2if7.il-  229.9    150.2  I76.5 

Triweekly 

BC  +  Acid  12if.9     126.2     li+6.2      100. 3     162A     160.8  I23.7     150.0 

LONGLEAF  PINE 

Weekly 

1/2  X  1/2  Untr.   99.5   88.0   96.9   98.3  115.5   95.7    8l.5   8^.1 

Triweekly 

BC  +  Acid        118.5   123.6  105.2   80.9  109.1  112.2     69.9  107. 6 

1/  Triweekly  groups  were  bark  chipped  3A  inch  high  on  front  faces,  ., 
and  5/8  inch  on  back  faces;  a  sulfuric  acid  concentration  of  kO   percent  on 
slash  and  60  percent  on  longleaf  was  used  through  19^9^  and  a  50-percent 
concentration  for  both  species  in  1950  and  1951. 

The  8-year  results  in  table  5  further  strengthen  the  concept  of  no  tree 
damage  with  the  use  of  acid,  shown  in  a  successful  5  years  of  work  with  a  bi- 
weekly schedule,  previously  reported  ( 30) .  This  test  also  gives  us  a  prelimi- 
nary indication  that  back-face  yields  with  acid  closely  follow  those  of  front 
faces, 
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Chipping  Height 

Observations  on  field  procedures  used  in  commerical  operations  show 
a  wide  difference  in  the  height  of  bark  chipping,  with  streak  heights  gen- 
erally ranging  from  1/2  inch  to  1  inch.  Chipping  height  is  an  important 
point  of  technique,  and  is  influential  in  determining  gum  yields.  No  single 
height  of  bark  chipping  can  be  recommended  for  all  situations.  Evidence  is 
available,  however,  that  indicates  the  ideal  height  to  use  for  specific  cir- 
cumstances (28,31) . 

A  previous  publication  (32)  discusses  the  relative  differences  in 
gum  yield  to  be  expected  from  different  heights  of  bark  chipping  when  acid 
is  used  on  a  2-week  schedule.  The  conclusions  reached  were:   "....under 
average  conditions  of  bark  chipping  and  acid  treatment  on  a  2-week  schedule 
for  a  period  of  about  5  years,  a  chipping  height  of  1/2  inch  is  best.  How- 
ever, if  trees  are  to  be  worked  for  a  shorter  period,  or  if  a  S-week  chip- 
ping and  treating  schedule  is  used  on  longleaf  pine,  the  chipping  height 
can  be  increased  tc  i?/8  or  3/^  inch." 

In  general  the  data  from  another  experiment,  shown  in  table  6,  tend 
to  support  this  previous  recommendation.  In  addition,  further  information 
on  the  intermediate  chipping  height  of  5/8  inch  is  given.  Under  all  the 
schedules  used,  gum  yield  increased  progressively  with  height  of  chipping 
from  1/2  to  3/^  inch.   These  results  are  for  a  3-year  period  only,  however, 
and  after  two  more  seasons  of  work,  the  relationships  might  be  slightly 
changed. 

When  we  compare  the  yield  results  in  table  6  for  a  triweekly  schedule 
of  bark  chipping  and  acid  treatment,  with  the  old  method  of  untreated  deep 
chipping,  a  bark  chipping  height  of  3/^  inch  stands  out  as  giving  equivalent 
gum  yields.   This  is  a  very  important  practical  point  because  of  the  much 
greater  efficiency  obtained  with  a  3-'week  chipping  and  treating  schedule. 
Thus,  for  those  operators  who  have  low  nonlabor  costs  and  who  are  interested 
in  greatest  net  profits  with  a  limited  labor  supply,  a  3-week  schedule  of 
bark  chipping  and  acid  treatment  at  a  chipping  height  of  3/^  inch  is  the 
best  method  to  use. 

For  those  operators  interested  in  either  prolonging  the  working  life 
of  a  face  or  reducing  the  final  height  of  this  face,  lower  chipping  heights 
of  1/2  or  5/8  inch  will  provide  these  results. 

Width  of  Face 

Under  some  conditions  turpentine  producers  wish  to  get  maximum  yields 
in  a  relatively  short  time.  One  way  they  can  do  this  is  to  speed  up  the  fre- 
quency of  chipping  at  the  same  time  they  increase  chipping  height.  A  more 
efficient  method  for  them  to  use  might  be  to  maintain  their  present  chipping 
frequency  of  every  other  week,  but  increase  the  width  of  the  face  and  the 
height  of  chipping.  This  general  recommendation  was  indicated  by  results  of 
a  previous  experiment  that  ran  for  two  years  (^).  Further  data,  with  four 
seasons  of  work,  are  given  in  table  7» 

The  widest  face  used--2/3  circumference — was  definitely  not  practical. 
At  no  time  did  yields  from  faces  2/3  circumference  in  width  equal  twice  those 
from  normal -width  faces  of  1/3  circumference.  As  a  i4--year  average,  yields 
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Table  6. — Comparative  giim  yields  with  three  different  chipping  heights 


SLASH  PINE 

Treatment—' 

[— 

Yield 

per  crop 

Relative 

1949 

:  1950    : 

•                  • 

1951    : 

• 

Average 

:  yield 

Bbls. 

Bbls. 

Bbls. 

Bbls. 

Percent 

Weekly  untr.  l/2  x 

1/2 

178.7 

203.9 

217.8 

200.1 

100 

BC  X  1/2 

Biweekly  BC  x  5/8 

BC  X  3/4 

242.7 

258.4 
277.9 

256.7 
263.6 
266.6 

251.3 
256.4 
262.2 

250.2 
259.5 
268.9 

125 
130 

134 

BC  X  1/2 

Triweekly  BC  x  5/8 

BC  x  3/4 

- 

151.9 
188.2 

200.7 

164.7 
178.0 
202.4 

186.4 
205.3 
231.7 

167.7 
190.5 
211.6 

84 

95 

106 

LSD  bbls  per  crop 

48.8 

53.8 

57.1 

LONGLRAF 

PINE 

Weekly  untr.  l/2  x 

1/2 

164.6 

137.2 

129.0 

143.6 

100 

BC  X  1/2 

Biweekly  BC  x  5/8 

BC  X  3/4 

179.2 
211.2 
251.9 

129.0 
148.5 

190.0 

124.5 
148.9 
184.4 

144.2 

169.5 
208.8 

100 
118 
1^5 

BC  X  1/2 

Triweekly  BC  x  5/8 

BC  X  3/4 

- 

127.4 
155.2 
165.3 

106.3 

121.8 

140.8 

101.8 
116.5 
126.5 

111.8 
131.2 
144.2 

78 

91 

100 

LSD  bbls  per  crop 

38.8 

34.9 

30.6 

1/  All  bark-chipped  groups  were  treated  with  50-percent  sul- 
furic acid;  all  face  widths  I/3  circumference. 
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Table  7. --Comparative  gum  yields  at  different  chipping 
frequencies  for  3  face  widths 
SLASH  PINE 


Treatment 


1/ 


Gum  yield  per  crop 


1947  ;  1948  ;  1949  ;  1950  ;  Average 


Relative 
yield 


Bbls.  Bbls.  Bbls.  Bbls.   Bbls. 


Percent 


Weekly  (1/3  cir.) 

Untr.  1/2  X  1/2 
Acid  BC  X  1/2 

Biweekly  (BC  x  1/2) 

F.w.  1/3  cir. 
F.w.  1/2  cir. 
F.w.  2/3  cir. 

Triweekly  (BC  x  1/2) 

F.w.  1/3  cir. 
F.w.  1/2  cir. 
F.w.  2/3  cir. 


LSD  bbls  per  crop 


212.7 
302.1 

220.7 
261.5 

221.8 
231.6 

227.4 
225.9 

220.6 

255.3 

100 

116 

207.0 
215.9 
287.7 

230.9 

216.5 
316.4 

212.3 
188.3 
267.1 

210.5 
173.^ 
250.5 

215.2 

198.5 
280.4 

98 
90 

127 

124.7 
162.1 
188.6 

142.0 
182.6 
199.3 

13^.9 
172.0 
180.1 

142.6 

173.9 
176.2 

136.0 
172.6 
186.0 

62 
78 

84 

39.2 

44.8 

58.3 

62.3 

LONGLEAF  PINE 


Weekly  (1/3  cir.) 

Untr.  1/2  X  1/2 
Acid  BC  X  1/2 

l4l.7 
268.3 

137.1 
227.4 

l40.0 
199.7 

131.3 
172.8 

137.5 
217.0 

100 

158 

Biweekly  (BC  x  1/2) 

F.w.  1/3  cir. 
F.w.  1/2  cir. 
F.w.  2/3  cir. 

161.8 
201.0 
241.2 

150.7 
190.6 
229.8 

152.8 
196.5 
213.2 

135.2 
173.6 
189.2 

150.1 
190.4 
218.4 

109 
138 
158 

Triweekly  (BC  x  1/2) 

F.w.  1/3  cir. 
F.w.  1/2  cir. 
F.w.  2/3  cir. 

116.0 
164.9 
171. 7 

122.4 
157.2 
168.8 

108.3 
145.4 
145.4 

101.9 
127.3 
128.6 

112.2 
148.7 
153.6 

82 
108 
112 

LSD  bbls  per  crop 

28.9 

36.6 

50.2 

46.5 

1/  In  1947-9  inclusive  a  40-percent  concentration  of  sulfuric  acid 
was  used  for  slash  and  a  60-percent  concentration  for  longleaf;  a  50-percent 
solution  was  used  for  both  species  in  1950.   "F.w.  (  )  cir."  indicates  the 
face  width  as  a  fraction  of  the  circumference. 
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from  double -width  faces  were  only  30  and  kS   percent  greater  than  faces  of 
normal  width  on  a  biweekly  schedule  for  slash  and  longleaf,  respectively, 
or  37  percent  greater  on  a  triweekly  schedule  for  both  species.  The  high- 
est relative  difference  was  51  percent  for  the  first  year  in  the  slash  pine 
triweekly  groups.   This  amount  of  increase  is  probably  not  sufficient  to 
meet  the  increased  chipping  and  tin  installation  costs  of  the  wider  faces. 
In  general  yields  from  double-width  faces  declined  moderately  for  all  groups 
during  the  k   years  of  work. 

The  yield  relationships  for  faces  l/2  circimiference  in  width  were 
much  more  favorable  from  a  practical  standpoint.  Except  for  the  biweekly 
slash  groups,  yields  averaged  nearly  30  percent  greater  for  faces  l/2  cir- 
cumference in  width  than  those  1/3  circumference.  Since  increased  tin- 
installation  costs  would  be  relatively  small  on  I/2  circumference  faces, 
and  chipping  costs  could  be  expected  to  be  only  slightly  greater,  this 
method  offers  promise  in  increasing  yields  and  profits.  However,  the  use 
of  faces  1/2  circumference  in  width  would  mainly  be  limited  to  circumstances 
where  only  one  face  was  to  be  turpentined  just  prior  to  harvesting  of  the 
tree. 

Another  factor  to  consider  is  that  similar  yield  increases  approxi- 
mating 30  percent  could  be  obtained  by  merely  increasing  the  chipping  height 
from  1/2  inch,  as  used  in  this  study,  to  3/^  inch  on  faces  1/3  circumference 
in  width.   Obvious  advantages  are  offered  by  the  latter  method,  even  though 
the  ultimate  total  face  height  would  be  somewhat  greater.  However,  further 
augmented  yields  might  be  obtained  by  using  a  3/^-inch  chipping  height  on 
faces  1/2  circumference  in  width.  An  experiment  with  the  partial  objective 
of  determining  whether  this  was  true  is  reported  in  table  8, 

These  results  show  that  a  chipping  height  of  3A  inch  did  not  mate- 
rially increase  yields  from  faces  1/2  circumference  in  width.  This  was  an 
unexpected  result,  since  we  previously  thought  that  yields  might  be  in- 
creased in  faces  1/2  circumference  in  width  if  greater  chipping  heights 
were  used.  With  the  I/3  circumference  faces,  however,  yields  were  greater 
with  increased  chipping  height.   It  is  possible  that  the  "treatment  inten- 
sity" level  of  faces  1/2  circumference  in  width  is  such  that  physiologically 
the  tree  is  not  capable  of  sustaining  a  further  yield  increase  that  might  be 
induced  by  a  greater  chipping  height.   This  evidence  further  supports  the 
conclusions  reached  in  the  discussion  under  the  heading  "Diameter"  concern- 
ing the  maximum  yield  level  capability  of  a  tree. 

Number  of  Faces 

When  more  than  one  face  is  placed  on  a  single  tree,  the  actual  costs 
of  operation  are  almost  the  same  as  if  these  extra  faces  were  on  other  trees. 
Consequently,  when  determining  the  efficiency  of  any  multiple  cupping  method, 
the  yield  per  face  is  the  important  factor.  Earlier  studies  (28,3l)  explored 
the  possibilities  of  more  than  one  face  per  tree.   In  spite  of  very  large 
initial  yields  from  trees  with  many  faces,  maximum  sustained  yields  were  uni- 
formly obtained  from  trees  with  no  more  than  two  faces  for  a  2-year  period. 
One  of  these  studies  in  which  tree  diameters  ranged  from  9  to  I3  inches  b.h., 
was  continued  for  an  additional  2  years  of  work.  Results  are  shown  in  table 
9. 
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Table  8. --Comparative  gum  yields  for  trees  vlth  different  frequencies  of 
chipping,  height  of  chipping,  and  width  of  face 
(in  barrels  per  crop) 


Treatment- 


1/ 


Average  gimi  yield  per  cro 


7^ 


Weekly  Untr.  l/2  x  l/2 

Biweekly 

BC  X  1/2 

F.w.  1/3  cir.   BC  x  5/8 

BC  X  3/1^ 

BC  X  1/2 

F.w.  1/2  cir.  BC  x  5/8 

BC  X  3/ij- 

Triweekly 

BC  X  1/2 

F.w.  1/3  cir.  BC  x  5/8 

BC  X  3/i<- 

BC  X  1/2 

F.w.  1/2  cir.  BC  x  5/8 

BC  X  3/^4- 


Slash 


191.3 


2i^9.7 
261.0 
272.2 

312.0 
290.2 
289.2 


158.3 
183.1 
201.6 

218.7 
215.3 
225.8 


Longleaf 


150.9 


15^.1 
179.8 
221.0 

201.1 
223.6 
2lif.8 


116.8 

138.5 
153.0 

172.3 
165.6 
171.1 


1/  All  groups  treated  with  50-percent  sulfuric  acid  except  the 
trees  on  a  weekly  schedule,  which  were  untreated.  "F.w.  (  )  cir."  in- 
dicates the  face  width  as  a  fraction  of  the  circumference. 

2/  Average  for  2  years  of  work. 


Although  2-year  yields  were  good,  the  yield  per  face  (two-faced, 
acid-treated  trees),  compared  to  a  single  face  on  untreated  controls,  fell 
off  considerably  the  fourth  year,  being  32  and  39  percent  lower  for  slash 
and  longleaf  respectively.  Yields  the  first  3  years  averaged  1  percent 
greater  for  each  face  in  slash,  and  15  percent  greater  in  longleaf,  for 
the  trees  receiving  weekly  acid  treatment  and  bark  chipping.   The  4-year 
average  was  10  percent  less  for  slash  pine  and  2  percent  more  for  longleaf. 

A  realistic  look  at  the  gum-yield  figures  in  table  9  shows  that 
yield  totals,  on  which  potential  practical  methods  must  be  based,  were 
higher  for  each  of  the  treated  faces  on  double-cupped  trees  for  only  2 
years  in  slash  and  3  years  in  longleaf.  Thus,  if  weekly  chipping  can  be 
practiced,  it  might  be  possible  to  work  profitably  two  faces  with  bark 
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Table  9. --Gum  yields  from  single-  and  double-faced  trees 


SLASH  PINE 

Treatment—' 

:  No.   of 
:     faces 

Gum  yield 

per  crc 

^ 

.  19^3  \  19^6 :  i9i^T : 

i9if8 : 

• 

Average 

Untr.    1/2  X  1/2 
Acid       BC   X  1/2 

1 
2 

Bbls.      Bbls.      Bbls. 

155.6  179.2  198.1 
181.6     185.5     168.9 

Bbls. 

239.8 
162.0 

Bbls. 
193.2 

m.5 

LONGT.EAF  PINE 

Untr.    1/2  X  1/2 
Acid       BC   X  1/2 

1 
2 

141^.5  153.1  152.1 
191.1     175.6     152.6 

195.3 
138.8 

161.3 
164.5 

1/  Face-width  1/3  circimiference  on  single-face  trees;  4/lO  cir- 
cumference each  on  two-face  trees.  A  weekly  chipping  schedule  was  used, 
2/  Yield  per  crop  of  faces  ( 10,000). 


chipping  and  acid  treatment  for  2  years  in  slash  pine  and  3  years  in  long- 
leaf  pine.  However,  since  a  2-week  chipping  and  treatment  schedule  is  much 
more  efficient,  it  is  doubtful  whether  the  average  stand  of  turpentine  tim- 
ber, with  diameters  averaging  10. 5  inches,  should  be  cupped  with  two  faces 
per  tree,  since  the  yields  per  face  tend  to  be  marginal  on  a  2-week  schedule, 

The  best  information  we  have  to  date  on  the  lowest  diameter  tree  that 
can  profitably  be  worked  with  two  faces  is  contained  in  the  discussion  of 
"Diameter"  in  this  paper.  Here,  it  appears  that  two  faces  on  trees  larger 
than  13  inches  constitute  a  good  method  to  use  if  a  biweekly  schedule  of 
bark  chipping  with  acid  treatment  is  followed. 

Split  Faces 

Observation  shows  us  that  gum  flow  is  greatest  from  the  portion  of 
the  streak  near  the  shoulder,  and  least  from  the  portion  near  the  center  of 
the  face.  We  can  easily  postulate  a  physiological  basis  for  this  fact. 
Lowered  activity  near  the  center  of  the  face  may  result  from  decreased  avail- 
able quantities  of  water,  mineral  elements,  and  transported  carbohydrates 
used  as  gum  precursors. 

In  order  to  overcome  these  possible  deficits,  we  thought  that  by  de- 
creasing the  face  width  by  one -half  and  providing  a  live  bark-bar  between 
these  smaller  faces  increased  gum  yields  might  be  obtained.  However,  experi- 
mental studies  have  been  contradictory  and  further  testing  is  necessary. 
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From  a  practical  standpoint,  tin  installation  costs  are  only  slightly 
increased  for  split-face  work,  since  a  single  cup  and  gutter  installation 
can  be  used  (9).  However,  in  the  initial  stages  of  field  work,  increased 
supervision  (B)    is  needed  to  train  the  laborers  to  keep  the  bark-bars  in- 
tact, the  face  widths  uniform,  and  the  side  lines  vertical. 

Acid  Concentration 

Early  experiments  in  the  use  of  sulfuric  acid  were  made  with  low  con- 
centrations of  5  to  20  percent  by  weight  (_13) ,  Later  work  showed  that  a  40- 
percent  concentration  was  effective  on  slash  pine,  but  did  not  produce  ex- 
pected results  on  longleaf  (1^,15).  Further  research  revealed  that  at  a 
concentration  of  60  percent  longleaf  responded  favorably  (28) . 

As  slash  and  longleaf  often  are  included  in  a  single  drift,  this 
posed  a  difficult  treatment  problem,  since  it  was  not  feasible  to  carry  two 
spray  bottles  at  the  same  time,  each  with  a  different  acid  concentration. 
Also,  optimum  yield -^  would  never  be  obtained  in  mixed  stands  when  either 
strength  of  acid  was  used  alone.   Thus  there  was  need  for  a  single  acid 
concentration  of  maximum  effectiveness  for  both  species.   The  study  summar- 
ized in  table  10  was  conducted  to  solve  this  problem. 

These  results  show  that  a  sulfuric  acid  concentration  of  50  percent 
works  equally  well  for  both  slash  and  longleaf  pine  over  a  5 -year  period. 
On  the  average,  the  yields  from  trees  treated  with  a  50-percent  acid  concen- 
tration were  slightly  greater  for  each  species  than  the  yields  from  trees  re- 
ceiving the  formerly  recommended  concentrations  of  kO   percent  for  slash  and 
60  percent  for  longleaf  pine. 

No  further  refinements  in  acid  concentration  appear  necessary,  since 
yield  variations  due  to  amount  of  acid  applied  could  be  greater  than  any 
yield  change  due  to  a  slightly  different  acid  concentration.  From  a  practi- 
cal standpoint  it  is  important  to  obtain  uniform  coverage  of  the  entire 
freshly  cut  streak  with  the  correct  amount  of  acid  (26).   This  amount  will 
change  to  meet  varying  needs  of  weather  and  stand  conditions.  The  quantity 
of  acid  should  be  reduced  during  dry  spells,  particularly  on  the  poorer  sites 
with  crowded  stand  conditions,  and  with  over -mature  trees  with  small  crowns. 
A  healthy,  vigorously  growing  tree  with  adequate  moisture  should  receive  the 
equivalent  of  1  cc.  of  acid  per  8  inches  of  face  width  (17) . 

Other  Chemicals 

Of  the  many  different  chemicals  tested  since  the  last  comprehensive 
report  on  chemical  stimulants  (3l),  only  2,^4-0  (2,4-dichlorophenoxyacetic 
acid)  has  offered  any  real  promise  as  a  substitute  for  sulfuric  acid.  A 
noncorrosive  chemical  such  as  2,4-D  would  be  much  safer  to  use,  and  would 
eliminate  the  necessity  of  acid-proof  equipment. 

Briefly,  it  should  be  emphasized  now  that,  although  2,i4-D  appears 
satisfactory  for  use  on  pure  slash  pine  according  to  the  latest  studies, 
2,4-D  is  not  recommended  for  general  use,  particularly  in  longleaf,  as  ex- 
cessive mortality  occurs  in  longleaf  pine  stands  turpentined  with  the  use 
of  2,i+-D. 
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Table  10. — Gum  yields  from  trees  treated  vlth  different  concen- 
trations of  sulfuric  acid 
SLASH  PINE 


W 


Treatment 


1/ 


Gum  yield  per  cro 


1947  ;  19^8  ;  1949  ;  1950  ;  1951  ;  Average 


Relative 
yield 


Bbls.   Bbls.   Bbls.   Bbls.  Bbls, 


Bbls,   Percent 


183.8 

287.2 

332.0 

200.1 

255.5 
296.6 

235.2 

237.7 
288.6 

276.9 
241.3 
280.7 

240.3 
224.3 

251.5 

227.3 
249.2 

289.9 

100 

no 
128 

230.2 
257.8 

254.7 
272.2 

259.4 
250.3 

251.0 
223.4 

232.8 
216.3 

245.6 
244.0 

108 
107 

217.1 
270.6 

214.4 
308.0 

220.8 
282.2 

206.5 
263.2 

179.0 

246.7 

207.6 
274.1 

91 
120 

Weekly  (1/3  cir.) 

Untr.  1/2  X  1/2 
fo  Acid  BC  X  1/2 
i   Acid  BC  X  1/2 

Biweekly  (1/3  cir.) 

fo  Acid  BC  X  1/2 
/o  Acid  BC  X  3/4 

/o  Acid  BC  X  1/2 
50/0  Acid  BC  X  3/4 


LSD  bbls  per  crop   57.1   65.3   63.8   7O.8   87.3 


LONGLEAP  PINE 


Weekly  (1/3  cir.) 

Untr.  1/2  X  1/2 
50/0  Acid  BC  X  1/2 
60/0  Acid  BC  X  1/2 

Biveekly  (1/3  cir.) 

50fo  Acid  BC  X  1/2 
50/0  Acid  BC  X  3/4 

60/0  Acid  BC  X  1/2 
fo  Acid  BC  X  3/4 


125.3 
205.1 
211.3 

128.5 
187.7 
199.9 

133.2 
186.1 
191.2 

135.7 
149.8 
145.2 

104.4 
130.4 
139.8 

125.4 
171.8 
177.5 

100                  1 

137             1 

142 

142.2 
183.6 

139.9 
193.8 

139.1 
181.0 

118.6 
149.9 

112.4 

13^.4 

130.4 
168.5 

104 
13^^ 

114.5 
141.8 

125.2 
164.5 

117.9 
164.5 

98.5 
131.^ 

92.5 
130.7 

109.7 
146.6 

87 

117 

LSD  bbls  per  crop   51.4   37.4   37.4   35.8   32.1 


1/  Sulfuric  acid  used. 

2/  Yield  per  crop  of  10,000  faces. 


-  20  - 


Early  experiments,  summarized  in  table  11,  indicated  that  at  concen- 
trations of  4  or  more  percent,  solutions  of  2,4-D  do  not  result  in  yields 
equal  to  those  from  sulfuric  acid  treatment  in  either  slash  or  longleaf  pine. 
Even  with  a  "biweek-sklp"  system  of  treatment  (chip  every  second  week  and 
treat  every  fourth  week),  which  is  one  of  the  least  intensive  used  in  our 
experiments,  20  percent  of  the  treated  longleaf  trees  died.  Even  higher  per- 
centages of  loss  occurred  in  some  of  the  other  2,4-D  treatment  groups,  with 
some  longleaf  trees  dying  the  following  year.   These  1948  results  definitely 
indicated  that  the  concentration  was  too  high,  and  was  particularly  unsuited 
for  longleaf. 


Table  11. — Comparative  gum  yields  for  trees  treated  with  different 

chemicals  at  various  concentrations 


Treatment 


1/ 


SLASH 


LONGLEAF 


Yield 


Relative 
yield 


Yield 


Relative 
yield 


Bbls. 

Percent 

Bbls. 

Percent 

Weekly 

Untr.  1/2  X  1/2 

297.2 

100 

162.0 

100 

Biweekly 

50^  sulfuric  acid 
20fo  sulfamic  acid 

4fo  2,4-D 

Gio   2,4-D 

8/0  2,4-D 

237.1 
241.2 
241.2 
259.5 
253.2 

80 
81 
81 
87 
85 

186.0 
99.3 
115.5 
115.4 
102.0 

115 
61 

71 
71 
63 

Biweekly- skip-^ 

6/0  2,4-D  / 
%   2,4-D^ 

226.2 
264.4 

76 
89 

126.3 
131.5 

78 
81 

LSD  bbls  per  crop   6O.5 


34.4 


1/  Results  for  1948.  All  treated  groups  were  BC  x  1/2  ex- 
cept the  group  with  dust  treatment,  which  was  BC  x  3/4.  Yield  per 
crop  of  10,000  faces. 

2/  Chipping  every  second  week  and  treating  every  fourth  week. 

3/  Last  20  weeks  of  season  pure  2,4-D  dust  was  used,  instead 
of  the  8-percent  2,4-D  solution,  on  a  biweekly  schedule. 
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In  19^9  a  small  study  of  weaker  2,4- D  concentrations  was  started  in 
slash  pine.  The  3-year  data  summarized  in  table  12  show  that  a  2-percent 
2,h-T>   treatment  resulted  in  consistent  yields  for  the  entire  period,  essen- 
tially equivalent  to  those  to  be  expected  from  sulfiaric  acid  treatment. 
This  encouraging  trend  suggested  that  some  of  the  weaker  2,^1-0  concentra- 
tions might  be  suitable  for  longleaf ,  and  some  intermediate  concentration 
even  better  for  slash  pine. 

Close  examination  of  the  relative  yields  from  the  different  treat- 
ments shows  that  the  yields  from  those  with  the  weakest  concentration 
(table  12)  were  about  20  percent  less  than  the  controls.  This  level  is 
about  what  one  would  expect  from  untreated  bark  chipping.  Thus  we  could 
conclude  that  at  a  concentration  of  0,5  percent  the  2,4-0  had  no  effect 
on  yields.  Also,  since  a  1.0-percent  concentration  resulted  in  yields 
about  the  same  as  the  deep-chipped  controls,  particularly  the  first  year, 
this  concentration  had  a  slight  effect  on  yields. 


Table  12. — Comparative  gum  yields  for  trees  treated  with 
different  concentrations  of  2,4-D 

SLASH  PINE 


^ 


Treatment 


Gum  yield  per  cro 


1949  !  1950  ;  1951  !  Average 


Relative 
yield 


Weekly  (l/2  x  1/2) 


Bbls.   Bbls.  Bbls. 


Bbls. 


Percent 


Untreated 

176.0 

206.8 

223.4 

202.1 

100 

Biweekly  (BC  x  1/2) 

0.5^  2,4-D 
l.Ofo  2,4-D 
2.0^  2,1+-D 

144.0 
178.2 
243.1 

173.3 
191.8 

254.5 

165.4 
186.2 
239.0 

160.9 
185.4 

245.5 

80 

92 

121 

LSD  bbls  per  crop    31.8   4l.O   43,1 


1/  Yield  per  crop  of  10,000  faces. 


m 


Results  of  an  experiment  incorporating  a  wide  range  of  treatments 
with  2,4-D  solutions  in  concentration  steps  of  0,5  percent  are  given  in 
table  13.   These  data  show  that  for  the  2-year  period  a  2-percent  2,4-D 
solution  was  best  in  slash  pine.  This  substantiates  the  results  of  the 
study  reported  in  table  12.  These  data  also  show  again  that  2,4-D  in  all 
the  concentrations  used  does  not  produce  a  satisfactory  yield  response  in 
longleaf.   In  addition,  up  to  40  percent  of  the  longleaf  trees  died  in 
some  of  the  groups. 
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Tatle  13, — Comparative  gum  yields  for  trees  treated  with  different  con- 
centrations of  2,4-D  and  worked  by  several  methods 
SLASH  PIEE 


Treatment 


1/ 


Yield  per  crop 


1950 


1951   !  Average 


Relative 
yield 


Bbls. 


Bbls. 


Bbls. 


LSD  bbls  per  crop 


^3.7 


55.2 


Percent 


Weekly 

Untr.    1/2  X  1/2 

I8I+.9 

188.9 

186.9 

100 

Biweekly   (BC   x   5/8) 

50/0  Acid 

216.  i^ 

19^^.5 

205.1+ 

110 

0.5^  2,i^-D 

16k. h 

168.0 

166.2 

89 

1.0/0  2,i^-D 

212.8 

210.5 

211.6 

113 

1.5^  2,k-B 

207.3 

— 

— 

— 

2.0fo  2,i^-D 

250.4 

233.^ 

2i+1.9 

129 

2.5fo  2,4-D 

225.8 

— 

— 

— 

3.0/0  2,4-D 

230.2 

227.1 

228.6 

122 

Split  face   (Bwkly) 

50/0  Acid  BC   X   5/8 

309.5 

289.  i^ 

299.^ 

160 

1.5/0  2,i^-D  BC   X   5/8 

2kk.7 

268.6 

256.6 

137 

LONGLEAF  PINE 


Weekly 

Untr.   1/2  X  1/2 

160.9 

Biweekly  (BC  x  5/8) 

50/0  Acid 

177.3 

0.5^  2,i+-D 

121.9 

1.0^  2,i|-D 

119.7 

1.5^  2,4-D 

122.2 

2.0^  2,k-J) 

112.2 

2,%  2,4-D 

120.5 

3.0^  2,4-D 

123.1 

Split   face    (Bwkly) 

50^  Acid  BC   X   5/8 

188.4 

1.5^  2,4-D  BC   X   5/8 

131.0 

LSD  bbls  per  crop 


39.8 


1/  Sulfuric  acid  used. 


158.2 


152.0 


159.6 
164.6 


190.3 


189.4 


100 


103 


119 
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Although  2,i4--D  offers  promise  as  a  substitute  for  sulfuric  acid  In 
treating  slash  pine,  from  a  practical  standpoint  industry  is  not  urged  to 
try  this  chemical,  even  for  slash  pine.  The  main  reason  for  this  caution 
is  the  fact  that  2,i4--D  causes  excessive  mortality  when  applied  to  longleaf 
streaks,  and  indiscriminate  use  by  unskilled  labor  would  Inevitably  lead 
to  longleaf  trees  being  treated.  Treatment  of  these  longleaf  with  2,i4--D 
will  lead  to  the  early  death  of  up  to  50  percent  or  more  of  the  trees. 
Work  on  suitable  2,4-D  treatment  methods  for  longleaf  pine  is  under  way. 
Until  a  safe  method  is  found  for  longleaf,  2,4-D  is  not  recommended  for 
general  use  in  turpentining.  Sulfuric  acid  still  remains  the  best  chemical 
to  use. 

Year  of  Work 

Commonly  in  the  past,  yield  declines  have  been  noted  in  the  latter 
years  of  working  a  face.  Most  of  this  decline  has  been  associated  with 
deep  Incisions,  with  the  greatest  decline  noted  (l6)  in  the  days  of  the 
cut  box.  Even  with  broadaxe  Incisions,  decreases  in  yields  occurred  in 
successive  years  of  work.  Wyman  (38)  indicated  that  gum  yields  from  long- 
leaf  pine  trees  declined  about  30  percent  in  5  years,  or  an  average  of  6 
percent  annually;  yields  in  slash  pine  fell  off  slightly  more.   In  other 
tests,  with  careful  gutter  insertions  (l),  yield  declines  were  less;  in 
fact,  second  year  yields  were  often  higher  than  those  of  the  first  year, 
with  only  a  10-percent  drop  in  the  5  years  of  work. 

A  different  picture  is  presented  when  modern  turpentine  methods  are 
used.  In  almost  all  the  experiments  reported  in  this  paper  the  tins  were 
fastened  on  to  the  outside  of  the  wood  or  smoothed  bark  with  no  insertions. 
As  a  consequence,  none  of  the  data  showed  consistent  annual  yield  declines 
over  long  periods,  except  for  those  treatments  that  were  definitely  too  in- 
tensive in  character. 

The  differences  observed  can  generally  be  attributed  to  specific 
causal  agents,  as  previously  discussed  where  pertinent.  The  causes  include 
such  factors  as  drought,  insect  depredations,  and  particularly  the  inten- 
sity of  the  specific  treatment  used.  Thus,  no  clear-cut  simple  statement 
can  be  made  to  answer  the  general  question  of  how  yields  vary  in  successive 
years  of  turpentining  with  bark  chipping  and  sulfuric  acid  treatment.  We 
do  know,  however,  that  conservative  tin  Installation  methods  and  conserva- 
tive treatments  lead  to  a  fairly  sustained  level  of  yield  over  a  number  of 
years  of  work. 

Winter  Work 

Many  producers  would  like  to  have  a  winter  income  to  help  defray  the 
carrying  costs  of  the  many  winter  jobs  that  have  to  be  done,  and  to  help 
keep  a  working  group  intact.  One  solution  to  this  problem,  when  the  old 
method  of  deep  chipping  was  used,  was  a  monthly  streak:  applied  between  re- 
gular seasons.  Yields  were  fair  with  this  system.  More  recently  some  opera- 
tors have  used  acid  intermittently  during  the  winter,  and  many  have  asked 
whether  this  practice  is  sound. 

For  two  reasons  we  have  previously  advised  against  winter  work  with 
acid  (3|t).  First,  poor  yields  have  resulted  in  early  experiments  with 
weekly  chipping  and  treatment  on  a  continuous  schedule  through  the  winter 
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and  the  following  season  (£5,28, 3ij-) .  Second,  acid-killing  of  tissues  above 
the  face  (25,27)  has  been  excessive  when  this  tissue  is  allowed  to  remain 
undisturbed  for  k   weeks,  and  subsequent  yields  have  been  lower.  However, 
we  then  lacked  data  on  yields  from  winter  work  with  other  chipping  schedules, 
A  recent  experiment  gave  us  some  preliminary  information  on  other  chipping 
and  treatment  schedules.  This  data  is  summarized  in  table  l4. 


Table  l4.— Relative  gum  yields  from  longleaf  worked  in  winter 


Basic 
treatment 


Yield 

in 
1950 


Winter  , 
yieldi/ 


Yield 

in 
1951 


'51  yield 

as  percent 

of  '50 


Theoretical 
yield  based  , 
on  control^/ 


Bbls. 


Bbls. 


Bbls. 


Percent 


Bbls. 


LSD  bbls  per 
crop      ^4-6. 5 


32.0 


Winter  yield 

plus 

1951  yield 


Bbls. 


Wkly.  Untr. 

131.3 

»_ 

118.2 

90.0 

118.2 

118.2 

Wkly.  Acid 

172.8 

12.8 

125.7 

72.7 

155.5 

138.5 

Bwkly.  Acid 

135.2 

17.7 

lOii.O 

76.9 

121.7 

121.7 

Twkly.  Acid 

101.9 

18.9 

72.2 

70.8 

91.7 

91.1 

1/  The  untreated  group  was  rested  during  the  winter;  other  groups  were 
on  a  triweekly  bark  chipping  schedule  with  acid  during  the  winter;  in  1951  re- 
gular treatments  were  resumed. 

2/  Yields  of  treated  groups  are  in  the  same  proportion  to  the  1950 
yields  as  those  of  the  untreated  control  group  which  rested  during  the  winter, 
and  represent  the  theoretical  yields  assuming  normal  winter  rest  and  uniform 
seasonal  fluctuation. 


Several  important  trends  are  evident  from  these  results.  First,  yield 
declines  in  all  groups  worked  during  the  winter  were  greater  than  the  seasonal 
fluctuation  shown  by  the  control  group.   In  other  words,  winter  work  caused  a 
decrease  in  yields  during  the  next  regular  season  of  work.  Second,  this  de- 
crease in  yields  is  equalized  by  adding  winter  yields  to  those  of  the  follow- 
ing season  in  groups  on  a  biweekly  and  triweekly  schedule,  but  not  in  the 
group  on  a  weekly  schedule.   This  indicates  that  a  weekly  chipping  and  treat- 
ment schedule  may  be  too  severe  to  be  maintained  over  successive  years  of  work. 
This  confirms  results  of  other  experiments  (3l).  However,  the  lower  yields  of 
the  weekly  group  in  1951,  when  compared  to  1950,  may  also  have  been  due  in 
part  to  the  usual  decline  in  yields  from  year  to  year  at  this  chipping  fre- 
quency, which  was  increased  by  winter  work. 

Although  the  total  of  winter  and  1951  season's  yields  approach  those 
that  might  be  expected  from  trees  with  a  winter  rest  period,  the  added  costs 
of  chipping  and  treating  during  the  winter  place  winter  working  in  a  more 
doubtful  position. 
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If  the  efficiency  of  each  type  of  treatment  is  considered,  the  yields 
in  table  15  will  give  some  indication  of  the  relative  value  of  each  method. 


Table  I5. — Relative  gum  yields  from  longleaf  for  the  data 

in  table  ik 


Basic  treatment- 


1/ 


Gum  yield  per  streak  per  1,000  faces 


1950 


Winter 


1951 


Bbls. 


Bbls. 


Bbls, 


Weekly  untreated 

O.ij-1 

_M 

0.37 

Weekly  acid 

.5^^ 

0.26 

.39 

Biweekly  acid 

.m 

.35 

.65 

Triweekly  acid 

.92 

.38 

.66 

1/  The  untreated  group  was  rested  during  the  winter; 
other  groups  were  on  a  triweekly  bark  chipping  schedule  with 
acid  during  the  winter;  in  1951  regular  treatments  were  resumed, 


It  is  quite  obvious  that  for  the  labor  expended,  yields  from  tri- 
weekly chipping  during  the  regular  season  are  the  highest.  But  to  meet  the 
requirements  of  fixed  costs,  greater  total  yields  for  the  season  (table  15 ) 
may  be  considered  more  important,  which  would  make  the  biweekly  schedule 
more  attractive  when  considered  from  both  standpoints. 

Although  the  general  yield  level  for  this  longleaf  plot  is  low,  it  is 
still  about  the  same  as  that  obtained  in  some  of  the  commercial  operations 
in  this  area,  and  winter  yields  per  streak  are  not  far  from  those  using  weekly 
untreated  chipping.  So,  from  this  standpoint,  winter  working  may  be  practical, 
but  the  efficiency  is  not  as  great  as  could  be  desired. 

The  problem  of  winter  work  becomes  increasingly  important  as  more  and 
more  producers  change  over  to  the  use  of  bark  chipping  and  acid.  Many  of 
these  new  acid  users  previously  have  done  winter  work  with  untreated  deep 
chipping  as  a  regular  part  of  their  yearly  schedule.  They  will  be  faced  with 
the  immediate  problem  of  deciding  whether  to  do  winter  work  when  using  bark 
chipping  and  acid.  To  date  we  do  not  have  a  clear-cut  answer  to  this  problem. 
But  we  do  know  that  equivalent  yields  are  obtained  with  a  3-"week  winter  sche- 
dule with  acid,  that  the  following  year's  yields  are  somewhat  reduced  because 
of  winter  work,  and  that  the  over-all  efficiency  is  lower.  To  balance  these 
latter  drawbacks,  we  have  the  benefits  of  keeping  a  working  crew  together, 
and  there  is  a  small  winter  income  for  the  producer  to  use  in  defraying  other 
winter  costs.  Further  intensive  studies  on  this  problem  eire  under  way  to  pro- 
vide more  basic  data  on  the  relative  merits  of  winter  work. 
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Clean-up  Streak 

When  trees  are  treated  with  acid.  It  is  necessary  to  remove  the  acid- 
killed  tissue  that  results  from  the  last  treated  streams:  of  the  season  before 
maximum  yields  can  be  obtained  during  the  first  part  of  the  next  season's 
work.  This  may  be  done  either  in  the  fall  or  as  part  of  the  initial  spring 
operation,  provided  the  trees  are  rested  during  the  winter.  Either  time  of 
doing  this  necessary  task  has  both  advantages  and  disadvantages,  as  previously 
discussed  (3^) . 

An  untreated  streak  put  on  in  the  fall  removes  acid-killed  tissue  above 
turpentine  faces  and  helps  to  provide  early  gum  yields  from  the  first  treated 
streak  put  on  the  following  spring,  Schopmeyer  (27)  concluded  that  the  fall 
clean-up  streak  simplified  labor  supervision,  and  that  a  lower  clean-up  streak 
was  needed  in  the  fall  than  in  the  spring,  particularly  in  longleaf.  However, 
gijm  yields  from  untreated  clean-up  streaks  in  the  fall  are  very  low,  and  it 
may  be  difficult  to  persuade  laborers  to  make  this  bark-chipped  streak  if  they 
are  being  paid  on  a  rental  basis. 

As  indicated  before  (35.)  the  average  height  of  a  clean-up  streak,  when 
made  in  the  fall,  is  close  to  1  inch  for  both  slash  and  longleaf.   This  con- 
clusion is  based  on  25OO  observations  made  in  two  different  seasons.   The 
range  of  heights  needed  to  reach  clear  white  wood,  among  the  many  individual 
trees  tested,  varied  from  as  little  as  1/2  inch  to  as  much  as  I-I/2  inches. 
Of  the  many  types  of  treatments  sampled,  no  great  difference  in  the  average 
required  chipping  heights  for  the  clean-up  streak  was  found  because  of  acid 
concentration,  height  of  chipping,  width  of  face,  or  tree  diameter. 

If  the  producer  elects  to  make  a  combination  spring  clean-up  streak 
and  initial  treated  streak,  the  chipper  should  chip  at  least  a  double  streak. 
In  slash  pine  two  full  hack  streaks  with  a  l/2-inch  bark  hack  will  be  suffi- 
cient to  remove  most  of  the  killed  tissue.   In  longleaf  most  killed  tissue 
can  be  removed  with  two  full  streaks  with  a  5/8-inch  bark  hack. 

Although  a  greater  height  of  tissue  must  be  removed  in  the  spring  than 
in  the  fall,  the  fall  clean-up  streak  still  requires  double  chipping  in  most 
cases.   The  only  difference  is  that  in  the  fall  two  streaks,  each  less  than 
the  full  width  of  the  hack,  are  made,  while  in  the  spring  two  full  hack 
streaks  are  needed.   Thus  no  saving  in  labor  is  obtained  by  making  the  clean- 
up streak  in  the  fall  rather  than  in  the  spring. 

The  strongest  single  argument  for  a  spring  clean-up  streak  is  the  much 
greater  yields  obtained  then  because  of  the  acid  applied  to  this  streak.  In 
comparison,  low  yields  are  obtained  after  a  fall  clean-up  streak  because  no 
acid  can  be  applied  then  without  defeating  the  purpose  of  the  clean-up  streak. 
A  chipper  working  on  a  rental  basis  would  be  more  inclined  to  favor  spring 
for  the  clean-up  streak  in  view  of  the  greater  yields  obtained. 

Either  of  these  methods  will  achieve  the  end  objective  of  increased 
gum   yields  with  the  minimum  of  expended  effort.   The  final  choice  of  method 
rests  with  the  producer,  who  knows  which  will  best  fit  his  own  operating  con- 
ditions. 
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Effects  of  Fertilizers  on  Yields 

Some  stands  of  turpentine  pine  yield  more  gum  than  others.  One  of 
the  several  factors  responsible  for  this  difference  Is  nutrition.  We  have 
previously  believed,  but  lacked  proof,  that  better  soil  fertility  condi- 
tions resulted  in  greater  gum  yields.  Our  belief  has  been  substantiated 
by  the  experiment  summarized  in  table  l6  and  figure  5» 

Table  l6. --Relative  gum  yields  from  slash  pine  trees  in  different  yielding 

groups  with  and  without  fertilizer  treatment 


W 


Treatment 


il'- 


Yield  level 


Gum  yield  per  cro 


19^6  ;  19^7  ;  19^8  ;  1949  ;  Average 


: Relative 
yield 


BblSi   Bbls.   Bbls.   Bbls.   Bbls. 


Fertilized 


Not 
fertilized 


High  yielder 
Average  yielder 
Low  yielder 

High  yielder 
Average  yielder 
Low  yielder 


390.2 

377.^ 
26i+.8 

350.0 
318.6 
214.8 


i^55.2 

427.3 
330.6 

381.1 
352.8 
265.7 


500.0 

509.1 
411.6 


452.2 

519.5 
408.4 


406.4  400.3 
400.7    382.6 

307.5  313.0 


449.4 

458.3 
353.8 

384.4 
363.7 
275.3 


Percent 

124 

126 

97 

106 

100 

76 


LSD  bbls.  per  crop 


137.6     190.5     197.0     192.4 


1/  All  trees  were  bark  chipped  weekly  and  treated  with  sulfuric  acid. 
2/  Yield  per  crop  of  10,000  faces. 


The  slash  pine  trees  In  this  experiment  were  growing  in  an  old  field. 
They  had  large  crowns  and  were  not  crowded.  Before  fertilizer  was  applied, 
all  trees  whose  crown  extensions  were  within  8  feet  of  the  crowns  of  the  ex- 
perimental trees,  were  removed.  A  complete  NPK  fertilizer  plus  minor  essen- 
tial elements  was  applied  three  times  each  year  at  a  total  yearly  rate  of  500 
pounds  of  nitrogen  per  acre.  Our  primary  object  was  to  demonstrate  a  possible 
effect,  not  delimit  an  optimum  fertilizer  treatment.  Our  secondary  object  was 
to  determine  whether  trees  of  different  yielding  abilities  responded  the  same 
to  applied  fertilizers. 

The  average  yearly  Increase  in  gum  yield  due  to  fertilizer  treatment 
was  about  25  percent  (significant  at  5-percent  level).  This  amount  is  sub- 
stantial, and  could  well  be  worthwhile  if  the  cost  of  fertilizer  application 
was  kept  low.  Determination  of  the  correct  eunount  of  fertilizer  that  would 
prove  practical  will  have  to  await  results  of  future  studies.  • 
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Figure  5« --Effect  of  fertilizing  on  gum  yields  from  trees  of  different  yielding 
abilities  (average  annual  yield  for  h   years  of  work). 


Analysis  of  the  total  gum  yields  for  the  k   years  of  turpentining 
revealed  that  the  superiority  of  yields  from  the  fertilized  trees  was 
statistically  significant. 

The  high  yields  in  this  study,  which  were  more  than  double  those 
normally  obtained,  may  be  attributed  to  two  factors.  First,  acid  treat- 
ment was  on  a  weekly  basis,  the  most  intensive  that  we  use.  Second,  the 
trees  all  had  large  crowns,  and  all  competing  trees  were  removed  from 
around  each  study  tree. 

It  was  expected  that  with  the  intensive  treatment  used,  yields 
would  decline  after  several  years  of  work  in  the  group  with  no  fertilizer 
applied,  while  keeping  relatively  constant  in  the  fertilized  groups.  This 
was  not  the  case,  since  yields  generally  increased  in  both  groups  for  the 
entire  i4--year  period.  This  may  have  been  due  to  the  fact  that  the  trees 
were  capable  of  this  sustained  high  drain  because  of  their  excellent  crowns 
and  freedom  from  competition. 


SUMMARY 


Various  modifications  of  potentially  practical  methods  of  turpen- 
tining, using  bark  chipping  and  acid  treatment,  have  been  studied  at  the 
Lake  City,  Florida,  Research  Center.   The  results  of  these  studies  for  the 
past  5  years  are  given  in  this  paper,  and  the  relative  merits  of  each  method 
discussed.  Briefly,  some  of  the  important  conclusions  of  these  studies  from 
19^7  through  195I  are  as  follows: 
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1.  Attaching  tins  on  the  surface  of  smoothed  bark  resulted  in  12  and  35 
percent  more  gum  (slash  and  longleaf  respectively),  than  when  tins 
are  inserted  in  the  tree  with  a  broadaxe.  This  result  was  obtained 
in  trees  bark-chipped  and  treated  with  acid,  and  confirms  the  same 
result  obtained  in  earlier  work  with  untreated  deep  chipping. 

2.  With  weekly  untreated  deep  chipping,  gum  yields  increased  with  in- 
crease in  tree  diameter  from  9.0  to  13.9  inches  d.b.h.  When  trees 
were  bark  chipped  and  acid  treated  on  a  2-week  schedule,  yields  also 
increased  with  diameter,  but  the  peak  was  apparently  reached  in  the 
12.0-  to  12.9-inch  class.  It  was  also  found  that  per  inch  of  face 
width  yields  followed  the  same  trend  as  mentioned  above,  with  lar- 
ger trees  capable  of  yielding  more  gum  per  inch  of  face  width. 

3.  The  greatest  relative  yield  increase  due  to  acid  treatment  was  noted 
in  the  lower-yielding  groups  of  trees.  The  least  response  was  found 
in  the  high-yielding  groups,  probably  because  they  were  already  near 
their  possible  peak  of  sustained  gum  production. 

k.     For  maximum  gimi  production  with  good  efficiency,  a  schedule  of  bark 
chipping  and  acid  treatment  every  2  weeks  is  best.  A  3 -'week  schedule 
is  the  most  efficient  chipping  and  treatment  method,  but  the  level  of 
gum  production  falls  to  about  that  obtained  with  weekly  untreated  deep 
chipping, 

5.  A  bark  chipping  height  of  3/k   inch  is  best  when  a  3-week  working  schedule 
is  used.  For  a  2-week  schedule,  a  chipping  height  of  l/2  or  5/o  Inch 
will  give  good  yields  and  prolong  the  working  life  of  the  face,  as  well 
as  reduce  the  final  face  height. 

6.  Face  widths  of  2/3  circumference  are  not  practical.  However,  a  face 
width  of  1/2  the  circumference  will  result  in  a  30-percent  increase  in 
yield  over  that  from  faces  1/3  circumference  in  width  on  average-size 
trees  for  a  2-year  period.  This  latter  method  is  recommended  only 
where  a  single  face  is  to  be  used  just  prior  to  harvesting  the  tree. 

7.  No  more  than  two  faces  should  be  used  simultaneously  on  a  single  tree. 
With  weekly  bark  chipping  and  acid  treatment,  profitable  yields  were 
obtained  from  two-faced  trees  for  2  years  in  slash,  and  3  years  in 
longleaf  pine.  With  a  two-week  chipping  schedule,  which  is  the  general 
recommended  procedure,  it  is  doubtful  whether  two  faces  should  be  used 
on  average-sized  trees.  With  acid  treatment  the  smallest  tree  that 
would  profitably  support  two  faces  is  probably  about  13  inches  d.b.h. 

8.  Split  faces  each  1/6  circumference  in  width  and  separated  by  a  2-inch 
bark-bar  offer  promise  as  a  new  turpentining  method.  Yield  increases 

of  k6   and  I5  percent  were  obtained  with  split  faces  over  a  2-year  period 
for  slash  and  longleaf  respectively. 

9.  A  sulfuric  acid  concentration  of  50  percent  proved  best  for  both  slash 
and  longleaf  over  a  5 -year  period. 
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10,  Preliminary  tests  indicated  that  a  2-percent  2,k'D   solution  resulted  in 
yields  equal  to  those  obtained  with  sulfuric  acid  treatment  when  applied 
on  slash  pine.  However,  because  low  yields  and  excessive  tree  killing 
occurred  when  longleaf  pines  were  treated  with  2,if-D,  this  chemical  is 
not  recoimnended  for  general  use.  , 

11,  Gum  yields  do  not  decline  in  successive  years  of  work  when  trees  are 
turpentined  by  bark  chipping  and  acid  treatment  on  a  2-week  schedule. 
With  weekly  acid  treatment,  yields  decline  in  succeeding  years. 

12,  Sufficient  evidence  is  not  available  to  recommend  winter  work  as  standard 
practice  when  bark  chipping  and  acid  treatment  is  used.  A  S-week  winter 
schedule  barely  paid  its  way,  resulted  In  reduced  yields  the  next  season, 
and  was  not  efficient.  To  balance  these  drawbacks  there  were  the  advan- 
tages of  a  winter  income  and  retention  of  labor  force. 


13. 


Spring  is  the  favored  time  for  a  clean-up  streak  to  remove  acid-killed 
tissue,  mainly  because  of  greater  yields  obtained  then,  compared  to 
negligible  yields  from  an  untreated  clean-up  streak  in  the  fall. 


Ik, 


Fertilizing  trees  definitely  increases  gum  yields, 
treatments  have  not  yet  been  determined. 


Optimum  fertilizer 
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by 
John  J.    Keetch- 

INTRODUCTION 


The  following  instructions  apply  to  meter  8-W  (woods -type  sta- 
tion), and  to  meter  8-0  (open-type  station),  issued  by  the  Southeastern 
Forest  Experiment  Station.  These  meters  replace  types  5-W  and  5-0, 
in  U.  S.  Forest  Service  Region  7  territory,  effective  January  1954. 
The  shift  in  fire  danger  meters  has  been  approved  by  the  Regional  For- 
ester for  use  on  national  forests,  and  by  the  State  Foresters  at  their 
June   1953  meeting  in  Philadelphia. 

The  changes  incorporated  in  meter  8  were  suggested  by  experi- 
enced fire  control  officers  throughout  the  region  who  wanted  a  more 
consistent  meter,  particularly  with  respect  to  the  fire  danger  build-up 
during  drought  periods.  Also,  a  meter  was  wanted  that  did  not  over- 
rate periods  of  sub-normal  fire  danger  when  days  are  relatively  cool 
and  intermittent  light  showers  occur.  Briefly,  meter  8  retains  the 
same  basic  factors  as  meter  5,  but  differs  in  three  respects:  (1)  a 
"Build-up  Index"  disc  replaces  the  discs  on  the  type  5  raeters  repre- 
senting   season  of  the   year,    last   rain   in  inches,    and   days    since    rain; 

(2)  condition   of  vegetation  has  5  settings    instead   of  the  former  3;  and 

(3)  the  burning  index  scale,  which  is  identical  with  the  type  5  meters 
from  1  to  100,  has  been  extended  to  200,  The  extension  was  made  so 
that  stations  in  a  district  network  having  readings  above  100  could  be 
more   accurately   averaged   when  computing    the  district  burning  index. 

During  periods  of  "normal"  fire  danger,  meter  8  will  give  ap- 
proximately the  same  burning  index  as  the  type  5  meters.  During  easy 
fire  weather,  the  daily  burning  index  will  be  lower.  When  extended 
droughts  occur,  or  shorter  periods  of  hot,  dry  weather,  the  burning 
index  will  usually  be  higher- -up  to  150  percent  of  meter  5. 

Because  of  these  changes  in  the  fire  danger  factors,  the  instruc- 
tions discussed  in  this  paper  and  the  revised  form  for  recording  daily 
fire  danger  must  be  used  with  meter  8.  There  has  been  no  change  in 
the  standards  for  selecting  danger  station  sites,  or  for  installing  and 
maintaining  the  fire  danger  equipraent.  These  standards,  and  the  pro- 
cedures to  be  followed  in  taking  the  measurements  of  wind  velocity, 
fuel  moisture,  and  rain,  are  described  in  USDA  Handbook  No.  1  and 
Southeastern  Station  Technical  Note  No.    71. 


1/    Forester    (Fire    Control),    USDA,     Forest   Service,     Region   7, 
Divisio'n  of  State  and  Private  Forestry. 
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INSTRUCTIONS  FOR  RECORDING  FIRE  DANGER  FACTORS 
AND  PREPARING  FIRE  DANGER  DAILY  RECORD 
(Form  14-R-7,    Rev.    Jan.    1954) 


GENERAL:  The  procedures  discussed  below  are  illustrated  on  the 
opposite  page  in  the  sample  Fire  Danger  Daily  Record,  which  is  based 
on  a  report  from  a  typical  woods -type  station,  using  meter  8-W.  The 
reportfor  open-type  stations,  using  meter  8-0,  is  prepared  in  the  sarae 
way. 

Fuel  Moisture  Percent-- columns  3,  11,  and  14;  Fuel  moisture  meas- 
urements should  be  recorded  to  the  nearest  one -tenth  percent 
up  to  20  percent;  to  nearest  one-haif  percent  above  20  percent. 
Example:  nine  and  three -tenths  percent  should  be  recorded  9.  3. 
If  snow  covers  the  ground  in  the  woods  at  observation  time  (re- 
gardless of  whether  or  not  there  is  snow  on  the  sticks),  do  not 
read  the  sticks.  The  letter  S  (for  snow)  should  be  recorded  in 
the  fuel  moisture  columns  until  the  snow  becomes  patchy  on  the 
south   slopes    in   the   woods.      Then   resume    reading   the  sticks. 

Wind  Velocity  Miles  Per  Hour- -columns  4,  12,  and  15:  Wind  velocity 
measurements  should  be  recorded  to  the  nearest  one-half  mile, 
according  to  the  wind  correction  table  posted  in  the  weighing 
shelter.  Exaraple:  three  and  one -half  miles  per  hour  should 
be  recorded  3.5.  If  anemometer  cups  do  not  turn  during  a  4- 
minute  period  at  observation  time,  enter  0  (zero)  in  the  wind 
velocity  column.  There  is  no  need  to  read  the  wind  when  snow 
blankets  the  ground  in  the  woods,  because  the  burning  index  is 
automatically  zero.  A  dash  should  therefore  be  recorded  in  the 
wind  velocity  column  whenever  the  letter  S  (for  snow)  is  record- 
ed in  the  adjacent  fuel  moisture  column. 

24-Hour  Rainfall --columns  6,  7,  and  8:  The  amount  of  rain  that  has 
collected  in  your  rain  gage  (since  2  p.m.  yesterday)  should  be 
recorded  in  column  6,  and  the  amount  reported  from  a  cooper- 
ating observer  (if  there  is  one)  in  column  7.  Compute  the  aver- 
age rainfall  by  adding  the  amounts  in  columns  6  and  7,  divide 
by  2,  and  enter  the  average  in  column  8,  When  there  is  rain  at 
your  station,  but  no  report  is  received  from  the  cooperating  sta- 
tion, enter  a  dash  in  colurmi  7,  and  repeat  your  entry  in  column 
8.     When  no  rain  occurs,    zero  should  be  recorded  in  columJi  8. 

NOTE  that  the  rainfall  amounts  in  columns  6,  7, 
and  8  should  be  recorded  in  whole  units  (without 
the  decimal  point).  For  example,  one  hundredth 
of  an  inch  (.  01")  should  be  recorded  as  1;  50  hun- 
dredths of  an  inch  (.50")  as  50;  and  1  inch  and  25 
hundredths  (1.25")  as  125.  If  rainfall  is  less  than 
one  hundredth  (.  01"),    enter  "T"  for  trace. 
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Condition  of  the  Lesser  Vegetation- -column  2:  Record  numeral  1,  2, 
3^  4,  or  5  as  advised  by  your  district  forester  or  ranger.  Do 
not  attempt  to  make  a  classification  change  without  the  approval 
of  the  district  officer  in  charge.  The  figure  to  use  must  be 
based  on  the  estimated  condition  of  the  lesser  vegetation,  such 
as  grasses,  weeds,  ferns,  and  shrubs  in  natural  areas,  re- 
gardless of  whether  your  station  is  the  open  or  woods  type.  It 
is  emphasized  that  the  amount  or  size  of  tree  foliage,  whether 
the  hardwood  trees  are  in  full  leaf  or  leafless,  is  not  used  as  a 
criterion  in  estimating  the  condition  of  the  lesser  vegetation. 

The  following  guide  lines  will  be  helpful  in  selecting  the  proper 
condition  to  record  in  column  2: 

Use  number  1  when  the  lesser  vegetation  is  90  percent  or  more 
cured.  This  is  the  normal  winter  condition  that  will  usually 
prevail  throughout  most  of  the  Northeast  during  the  5-1/2  month 
period  from  November  1  to  April  15. 

Use  number  5  when  the  lesser  vegetation  is  90  percent  or  more 
green.  This  is  the  normal  summer  condition  that  will  usually 
prevail  throughout  most  of  the  Northeast  during  the  4-1/2  month 
period  from  May  15  to  September  30. 

Use  number  2,  3,  or  4  when  the  lesser  vegetation  is  in  the  trans - 
sition  stage,  neither  fully  cured  nor  green.  In  normal  seasons 
these  transition  stages  will  usually  prevail  for  periods  of  ap- 
proximately 10  days  each,  from  April  15 -May  15  and  from  Octo- 
ber 1-31.  However,  there  is  no  assurance  that  any  month  in  the 
year  will  be  "normal,  "  so  watch  out  for  the  effects  of  unusual 
weather  conditions . 

In  the  spring,  condition  2  may  occur  in  late  March  in  some  years 
if  a  series  of  unseasonably  warm  days  revives  the  lesser  vege- 
tation. Or  the  season  may  advance  rapidly  so  that  conditions  2, 
3,  and  4  apply  only  for  short  periods  of  less  than  a  week  each. 
A  late  spring  freeze  may  set  the  conditions  back  from  4  to  3  or 
from  3  to  2. 

In  the  summer,  the  thing  to  watch  for  in  the  normal  green  sea- 
son is  the  effect  of  drought  periods  that  will  start  curing  of  the 
lesser  vegetation.  Strict  rules  will  not  apply  in  every  instance, 
but  the  Build-up  Index  may  help  in  judging  the  condition.  Vege- 
tation condition  4  should  be  checked  when  Build-up  Index  reaches 
40,  condition  3  should  be  checked  at  75,  and  condition  2  at  100. 
The  lesser  vegetation  will  very  rarely  proceed  to  condition  1  in 
the  summer  season.  If  adequate  rains  revive  the  lesser  vege- 
tation, the  condition  should  be  shifted  back  to  5  when  warranted. 
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In  the  fall,  with  normal  distribution  of  rainfall,  the  vegetation 
condition  will  usually  remain  in  condition  5  until  the  first  kill- 
ing frost.  If  50  percent  of  the  vegetation  is  immediately  killed, 
the  shift  would  be  made  to  condition  3,  by -pas  sing  condition  4. 
A  succession  of  hard  freezes  might  produce  condition  2  in  a  few 
days  . 

NOTE:  The  decision  to  change  screens  at  open- 
type  danger  stations  should  not  be  confused  with 
the  condition  of  the  lesser  vegetation.  The  screens 
are  shifted  in  relation  to  the  amount  of  tree  foliage, 
as  described  on  pages  8  and  10,  Technical  Note  71, 
issued  by  the  Southeastern  Station. 

Build-up  Factor --colurrtn  10:  The  Build-up  Factor  is  based  on  the  2 
p.m.  fuel  moisture  reading  (column  11).  Refer  to  the  table  on 
the  central  tab  of  the  danger  meter  for  the  proper  Build-up  Fac- 
tor, according  to  the  measured  fuel  moisture.  For  example:  if 
2  p.m..  fuel  raoisture  is  6.2,  enter  5  in  column  10;  if  2  p.  m.  fuel 
moisture  is  28.5,    enter  0  (zero)  in  column  10. 

Build-up  Index --column  9:  This  is  the  setting  used  on  the  danger  meter 
in  place  of  days  since  rain  (type  5  meters).  You  will  note  that 
the  Build-up  Index  disc  is  calibrated  from  0  to  100.  Therefore, 
do  not  enter  in  column  9  any  values  less  than  0,  nor  more  than 
100.  The  Build-up  Index  is  computed  from  data  recorded  in 
column  8  (rainfall)  and  column  10  (Build-up  Factor).  The  pro- 
cedure is  simple:  subtract  the  rain  from  the  previous  day's 
Build-up  Index  first,  then  add  the  Build-up  Factor  to  obtain  the 
new  Build-up  Index.  In  the  absence  of  rain,  simply  add  the  Build- 
up Factor  in  column  10  to  the  previous  day's  Build-up  Index. 
For  example:  Build-up  Index  yesterday  was  20,  rain  10  hun- 
dredths last  night,  and  Build-up  Factor  today  is  5.  Today's  Build- 
up Index  would  be  computed  as  follows:  20  less  10  equals  10,  plus 
5  equals   15. 

NOTE:  The  Build-up  Index  in  column  9  is  the  meter 
setting  used  to  derive  both  the  2  p.m.  and  5  p.m. 
burning  index  of  that  day.  The  9  a.m.  burning  in- 
dex, or  a  recording  at  any  other  morning  hour ,  should 
be  based  on  the  Build-up    Index  of  the  previous  day. 

For  continuity  of  record,  it  is  desirable  when  start- 
ing a  new  month  to  enter  the  status  of  the  Build-up 
Index  on  the  last  day  of  the  preceding  month  at  the 
top  of  column  9. 

Part  Time  Stations:  Danger  stations  that  operate  only  during  the  fire 
season,  usually  for  a  2 -month  period  in  spring  and  fall,  will 
have    to  estimate  a  Build-up   Index   in   order    to  get  started.     If  a 
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year -long  key  station  is  operating  on  the  district,  use  the  Build- 
up Index  reported  from,  the  key  station  as  a  starting  point,  and 
thereafter  proceed  on  your  own  measurements.  If  there  is  no 
key  station  operating,  an  estimate  of  the  Build-up  Index  should 
be  made  on  a  basis  of  elapsed  time  since  rain.  Count  back  the 
days  to  the  last  rain  of  50  or  more  (1/2  inch  or  more)  and  mul- 
tiply the  number  of  days  by  3.  For  example,  6  days  times  3 
equals   18 --the  estimated  Build-up  Index  on  your  opening  day. 


BUILD-UP  INDEX  AS  A  GUIDE  TO  WOODS  CLOSURES 


The  fuel  moisture  sticks  indicate  the  moisture  condition  of  the 
surface  layer  of  litter.  The  Build-up  Index  reflects  the  cumulative 
build-up  of  inflammable  conditions  in  the  litter  below  the  surface  layer. 
Hence,  fires  that  occur  when  the  Build-up  Index  is  high  and  when  lower 
fuels  are  drying  out,  are  likely  to  be  deeper -burning  fires  that  will  be 
harder  to  control  and  will  require  more  mop -up  and  patrol.  Since  the 
Build-up  Index  will  be  computed  daily  at  each  danger  station,  the  trend 
toward  a  potentially  dangerous  fire  situation  can  be  recognized  in  ad- 
vance from  these  daily  reports. 

There  is  no  single  critical  point  on  the  Build-up  Index  scale,  but 
values  above  30  should  be  viewed  as  a  warning  signal  that  a  build-up 
above  normal  is  developing.  To  illustrate,  on  an  annual  basis,  from 
records  for  the  3-year  period  1950-52,  less  than  10  percent  of  the  days 
on  the  Monongahela  National  Forest  were  above  30.  On  the  other  end 
of  the  scale,  a  Build-up  Index  of  80  is  definitely  in  the  danger  zone. 
New  England  forests  are  usually  closed  well  in  advance  of  the  80  point. 
For  example,  the  6  closures  effected  in  Rhode  Island,  1950-52,  aver- 
aged a  Build-up  Index  of  52.  Consequently,  a  Build-up  Index  range  of 
30  to  60  is  recommended  at  present  as  a  guide  to  the  State  Foresters 
in  requesting  woods  closures  from  their  governors.  Closures  in  the 
lower  section  of  this  range  (30  to  40)  will  probably  be  needed  only  when 
unusually  high  winds  have  prevailed,  or  are  predicted,  or  when  an  ex- 
ceptional risk  is   expected,    such  as  the  opening  of  hunting  season. 

In  areas  where  a  full  closure  calling  for  a  governor's  proclama- 
tion does  not  seem  warranted,  or  in  lonits  where  closure  laws  are  not  in 
effect,  the  Build-up  Index  should  be  a  useful  guide  in  stepping  up  pre- 
vention efforts  to  alert  the  public  as  the  build-up  progresses. 

In  application,  the  Build-up  Index  should  be  computed  by  districts 
or  closure  zones,  as  was  done  with  the  cumulative  danger  index,  by 
computing  an  arithmetic  average  of  the  daily  Build-up  Index  reports 
from  the  danger  stations  representing  the  unit.  The  Build-up  Index  is 
simpler  and  more  accurate  than  the  cumulative  danger  index;  hence,  the 
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special    computations    involving  the  use  of  normals    and    adjustments  for 
precipitation  may  be  discontinued. 

There  will  perhaps  be  some  question  as  to  how  widely  the  type  8 
meter  can  be  applied  outside  of  Region  7.  According  to  the  Division 
of  Fire  Research  at  the  Southeastern  Forest  Experiment  Station,  Ashe- 
ville,  N.  C.  ,  preliminary  tests  made  by  them  indicate  that  type  8  meter 
can  be  used  with  satisfactory  results  for  the  mountainous  areas  of  Re- 
gion 8.  Whether  it  will  apply  equally  well  elsewhere  remains  to  be  de- 
termined. 


Agriculture-Asheville , 
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SOUTHEASTERN  FOREST  EXPERIMENT  STATION 


INTRODUCTION 


Once  again  it  is  time  for  an  Annual  Report.  What  has  the  Station 
been  doing  in  forest  and  range  research  during  the  past  year?  This  book- 
let gives  some  of  the  highlights. 

As  a  result  of  reorganizations  in  the  Department  of  Agriculture, 
the  Asheville  Division  of  Forest  Disease  Investigations  headed  by  George 
Hepting,  which  formerly  operated  under  the  Bureau  of  Plant  Industry,  Soils 
and  Agricultural  Engineering,  was  transferred  at  the  end  of  1953  "to  the 
Forest  Service  and  is  now  an  integral  part  of  the  Southeastern  Station. 
The  same  holds  true  of  the  Asheville  Division  of  Forest  Insect  Investiga- 
tions headed  by  Charles  F.  Speers,  formerly  under  the  Bureau  of  Entomology 
and  Plant  Quarantine,   In  the  past,  Hepting  and  Speers  and  their  men  have 
cooperated  with  us  so  closely  they  were  considered  as  part  of  the  Station 
family.  We  now  welcome  them  as  full~fledged  members  and  anticipate  no 
dislocation  of  their  work  or  their  relations  with  the  public. 

An  important  trend  in  1953  was  greater  emphasis  on  research  in  re- 
generation and  genetics.  This  is  in  response  to  the  tremendous  increase 
in  forest  planting  today  and  to  the  rising  demand  for  better  trees  in  the 
future.   If  all  goes  well,  more  than  400  million  seedlings  will  be  set  out 
in  the  South  in  195^;  and  naturally  there  is  more  insistence  as  time  goes 
on  that  these  seedlings  should  be  the  best  obtainable.   The  Station  made 
notable  progress  in  this  direction  in  1953  as  well  as  stimulated  genetics 
research  in  other  places.  Fortunately,  the  Station  has  a  start  of  more 
than  10  years  based  on  its  naval  stores  genetics  work  at  Lake  City.   The 
State  of  Florida  has  sensed  the  importance  of  this  research  by  allocating 
$20,000  a  year  for  2  years  to  the  Station  to  speed  up  our  genetics,  re- 
generation, and  silvicultural  research.   The  Ida  Cason  Callaway  Foundation, 
of  Hamilton,  Georgia,  is  also  providing  valuable  assistance. 

Thanks  to  substantial  cooperation  from  four  agencies  named  on  page 
5,  long-needed  research  in  Sandhill  regeneration  has  been  stepped  up. 

Our  South  Florida  project,  with  headquarters  now  at  Fort  Myers,  has 
been  able  to  Increase  the  size  and  scope  of  its  research  work  because  of  a 
grant  of  $10,000  a  year  for  2  years  from  the  Florida  State  Legislature,  in 
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addition  to  aid  from  the  Atlantic  Land  and  Improvement  Company  and  the 
Collier  Company.  The  problem  there  is  to  help  put  millions  of  idle  or 
semi-idle  acres  to  work  and  to  figure  out  the  best  integration  of  forestry 
and  forest  grazing  in  the  wide  subtropical  spaces  just  north  of  the  Ever- 
glades. 

The  survey  of  forest  resources  in  Georgia  was  completed  in  1953 
and  one  unit  in  North  Carolina  also  finished.  Several  important  forest 
grazing  studies  have  been  reported  on  in  substantial  bulletins.  The 
motion  picture  "Waters  of  Coweeta,"  illustrating  watershed  management 
research  in  the  Southern  Appalachian  Region  has  won  distinction  abroad 
and  is  in  constant  demand  at  home.  Thousands  of  requests  for  informa- 
tion— more  every  year — pour  in,  and  the  Station  issued  over  a  hundred 
publications  in  1953.  All  in  all,  it  has  been  a  productive  year. 


FOREST  MANAGEMENT 

From  the  Tidewater  Research  Center  in  Virginia  to  the  Lake  City 
Research  Center  in  Florida,  the  field  branches  of  the  Station  conduct 
practically  all  of  its  research  in  forest  management.  The  Station 
attempts  to  see  that  this  work  is  geared  to  the  needs  of  local  people, 
and  that  it  is  also  properly  coordinated  for  highest  efficiency. 

To  keep  its  research  center  programs  on  the  track  of  the  major 
problems,  the  Station  relies  heavily  on  advisory  committees  for  each  of 
the  seven  research  centers.  These  committees  analyze  trends  in  forestry 
currently  and  suggest  the  direction  which  future  research  should  take. 

Notable  new  developments  in  addition  to  the  upsurge  in  planting 
and  genetics  are  the  use  of  improved  machinery  and  chemicals  in  the  cul- 
ture of  the  forest,  the  increasing  application  of  forest  cropping  practice 
to  even  poor  forest  lands  and  secondary  forest  types,  and  the  increasing 
demand  for  knowledge  of  the  management  of  good  southern  hardwoods.  All 
of  these  trends  enliven  the  researchers'  race  with  time  to  find  out  how  to 
grow  the  largest  quantity  of  the  best  timber  crops  on  the  land  area  avail- 
able. 


REGENERATION 

Continued  high  production  of  the  pine  industries  in  the  Southeast 
depends  on  future  supplies  of  pine  timber.  Unfortunately,  much  of  the 
land  from  which  the  required  pine  trees  are  cut  is  left  without  suffi- 
cient seedlings  or  seed  supply  to  maintain  a  productive  pine  forest*  A 
resurvey  of  about  60  percent  of  the  Station's  territory  (chiefly  in  the 
southern  portion)  indicates  that  hardwood  types  now  dominate  29  percent 
of  the  area  compared  with  17  percent  about  15  years  ago.  Planting  is 
one  solution  to  the  maintenance  of  pine,  but  in  many  instances  natural 
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regeneration  can  be  obtained  if  proper  techniques  are  applied — often  at 
small  cost.   In  either  case  it  is  most  important  that  we  develop  our 
knowledge  to  the  point  where  successful  regeneration  can  be  assured.   The 
Station's  program  includes  regeneration  studies  for  the  major  southern 
pines  and  also  for  some  important  minor  species.  Some  progress  is  also 
being  made  on  the  problem  of  regenerating  desirable  hardwood  species  in 
view  of  their  special  importance  to  a  number  of  primary  and  secondary 
forest  industries. 

Timing  of  Release  Important  in  Cone  Crop  Stimulation 

Timing  of  the  cut  has  an  important  bearing  on  the  amount  of  seed 
available  for  natural  regeneration.   Cutting  in  good  seed  years  or  im- 
mediately after  the  annual  peak  in  seedfall  usually  assists  regeneration. 
But  now  that  we  know  seed  production  can  be  increased  by  release  of  seed 
trees  in  advance  of  cutting,  time  assumes  even  greater  significance. 

Last  year's  report  of  the  Station  explains  that  seed  production  of 
loblolly  pine  could  be  increased  very  significantly  by  crown  release  of 
the  seed  trees  several  years  in  advance  of  logging.  Further  information, 
portrayed  in  figure  1,  shows  that  the  timing  of  the  release  cutting  deter- 
mines whether  the  stimulated  crop  will  be  the  third  or  foiirth  annual  cone 
crop  after  cutting.   In  southeastern  Virginia,  for  example,  it  is  safe  to 
count  on  an  increase  in  the  third  succeeding  cone  crop  if  the  trees  are 
released  before  the  end  of  May.  Released  trees  continue  to  produce  larger 
crops  for  at  least  2  more  years.   There  is  therefore  at  least  3  years' 
leeway  in  the  time  when  a  fresh  seedbed,  created  by  logging,  can  be  made 
to  coincide  with  larger  amounts  of  seeds. 
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Figure   1. --Release  before  June,    as   compared  with  release  after  July,   brings  a  stimulated 

seed  crop  one  year  earlier. 
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Correction  Factor  for  Cone  Crop  Estimates 

In  loblolly  pine,  cone  crop  estimates  can  be  made  a  year  before  the 
cones  are  due  to  ripen  by  counting  conelets  on  sample  trees  cut  on  nearby 
logging  operations.   Initially,  It  was  supposed  that  the  cone  crop  could 
be  estimated  from  the  ratio  of  number  of  Immature  conelets  to  number  of 
mature  cones.  Experimental  forecasts  made  during  the  past  3  years  In  North 
Carolina  and  Virginia  show  that  conelet  count  should  be  reduced  by  ^5  per- 
cent In  order  to  obtain  a  closer  estimate  of  the  future  crop.  This  factor 
Is  needed  to  account  for  average  losses  of  conelets  before  they  matvire, 

Flrst^Year  Survival  of  Different  Species  Planted  on  Bottomlands 

The  Increasing  shortage  of  high-quality  hardwood  timber  for  the 
furniture  and  other  industries  in  the  Southeast  has  recently  focussed  at- 
tention on  bottomland  hardwoods.  A  large  share  of  the  bottomland  areas 
is  now  in  such  condition  that  seeding  or  planting  may  be  required  to  re- 
habilitate them.  But  knowledge  concerning  the  artificial  regeneration  of 
hardwood  bottoms  is  extremely  limited.  To  Increase  information,  a  plant- 
ing study  was  initiated  in  the  South  Carolina  Coastal  Plain  during  the 
winter  of  1952-53*  Six  species  were  tested  by  planting  1-0  nursery-grown 
stock  from  local  seed  sources  in  fenced  plots  to  exclude  livestock.   In 
addition,  two  species  of  oak  were  direct  seeded.  Results  from  the  first 
installations  are  shown  in  table  1. 


Table  1. — Survival  after  1  year  of  various  tree  species  planted  or  seeded  on 
two  bottomland  hardwood  sites  on  the  Santee  Experimental  Forest, 
South  Carolina 


Species 


Sites 


First  bottoms 


Cleared   *  Not  cleared 


Terraces 


Cleared   *  Not  cleared 


Percent 


Percent 


All  planting  stock 


Direct  seeded 


Cherrybark  oak 
Shumard  oak 


50 


hi 
30 


58 


21 
37 


Percent 


82 


36 
78 


Percent 


Planted 

Yellow-poplar 

21 

21 

81^ 

99 

Shumard  oak 

52 

70 

76 

86 

Cherrybark  oak 

6k 

76 

76 

77 

Cow  oak 

Ik 

79 

86 

Qk 

Redcedar 

26 

32 

81 

92 

Loblolly  pine 

78 

81 

9k 

^   90 

88 


30 

31 
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Although  not  conclusive,  these  first-year  results  are  at  least 
indicative  of  some  of  the  planting  possibilities  on  bottomland  hardwood 
sites.  High  water,  particularly  one  flood  before  the  growing  season, 
caused  most  of  the  mortality  in  the  first  bottoms.  All  species  did  well 
on  terrace  sites,  with  yellow-poplar  and  loblolly  pine  outstanding.  Some- 
what better  survival  resulted  on  uncleared  plots,  indicating  a  temporary 
beneficial  effect  of  cover  during  periods  of  drought.  Rodents  accounted 
for  much  of  the  loss  in  the  acorn  sowings,  which  had  no  screening  or  other 
protection. 

Regeneration  of  South  Florida  Slash  Pine 

A  unique  problem  in  regeneration  is  provided  by  the  1,750,000  acres 
of  south  Florida  slash  pine  (Pinus  elliottii  var.  densa)  in  the  subtropi- 
cal portion  of  Florida.  Over  half  of  this  area  is  denuded  and  will  re- 
quire artificial  reforestation,  but  the  results  of  past  planting  of  south 
Florida  slash  pine  have  been  unsatisfactory.  Research  on  this  problem 
was  started  by  the  Station  in  1951>  in  cooperation  with  the  Atlantic  Land 
and  Improvement  Company,  the  Collier  Company,  and  the  Florida  Forest 
Service. 

Preliminary  results  show  that  seed  losses  are  caused  by  cotton  rats 
on  the  dry  palmetto  sites  and  by  birds  on  the  wet  prairie  sites,  that  nur- 
sery fertilization  and  lifting  practice  both  have  a  noticeable  effect  on 
the  survival  of  planted  seedlings,  and  that  the  important  problem  in  plant- 
ing is  to  bring  the  seedlings  through  the  first  5  or  6  months  after  winter 
planting.  This  is  the  critical  drought  period  in  the  subtropical  rainfall 
pattern  of  south  Florida. 

Planting  and  Seeding  Studies  Started  in  Sandhills 

With  an  increasing  scarcity  of  good  pine  land  for  purchase,  the 
ownership  of  land  for  forest  production  is  rapidly  spreading  to  include 
anything  which  may  produce  timber.   One  of  the  largest  remaining  acreages 
of  cheap  land  is  to  be  found  in  the  Sandhills  or  deep  sands  of  the  Coastal 
Plain.   The  big  problem  here  is  to  convert  extensive  acreages  of  valueless 
scrub  oak  to  pine.  Research  in  Sandhill  regeneration,  previously  very  in- 
adequate, is  now  getting  under  way  in  cooperation  with  the  South  Carolina 
State  Forestry  Commission,  the  Savannah  River  Project  (Atomic  Energy  Com- 
mission), North  Carolina  State  College,  and  the  Division  of  Forestry  of 
the  North  Carolina  Department  of  Conservation  and  Development. 

One  of  the  new  studies  compared  survival  of  planted  longleaf  pine 
by  seedling  grade,  with  and  without  needle  clipping,  by  season  of  planting 
in  major  soil  groups.   The  results  have  more  than  usual  significance  on 
account  of  an  extremely  dry  and  hot  early  growing  season.  Clipping  of 
needles  to  approximately  5  inches  improved  survival  of  Grade  1  stock  planted 
in  January,  but  the  treatment  had  no  apparent  effect  on  Grade  2  seedlings 
planted  in  January,  or  seedlings  of  either  grade  planted  in  March.  Regard- 
less of  season,  treatment,  or  seedling  grade,  planting  on  sandy  loam  was 
more  successful  than  in  the  deep  sands. 

Longleaf  direct  seeding  tests  In  the  Sandhills  show  little  promise 
of  success  so  far.  Unprotected  sowings  on  the  Savannah  River  Project  area 
showed  an 85  to  95-percent  loss  to  rodents  and  birds.  Protection  with  conical 

-  5  - 


screens  excluded  birds,  but  up  to  one-half  the  seed  was  lost  to  rodents, 
even  though  the  screens  were  pinned  down  with  wire.  A  serious  white  grub 
problem  encountered  in  the  Savannah  River  plantations  is  discussed  in  the 
Forest  Insect  section  page  52. 

Regeneration  Techniques  for  Sand  Pine 

Sand  pine  (Pinus  clausa),  a  minor  pine  species,  attains  considerable 
local  importance  in  Florida.  On  the  Ocala  National  Forest  alone,  there  are 
210,000  acres  of  sand  pine,  comprising  about  60  percent  of  the  forest  land. 
Sustained  yield  management  on  the  Forest  has  been  obstructed  by  the  extreme 
difficulty  of  obtaining  reproduction  after  cutting.  Existing  stands  are 
largely  the  result  of  accidental  fires  followed  by  favorable  temperature 
and  moisture  conditions.   Cooperative  investigations  with  the  Ocala  National 
Forest  have  been  carried  to  the  point  where  it  is  now  possible  to  make  at 
least  interim  recommendations  for  regenerating  sand  pine  at  the  time  of  the 
harvest  cut. 

Sand  pine  stands  which  are  cut  over  from  July  through  December,  and 
are  tractor  logged  and  skidded,  should  need  no  further  treatment.  Tracts 
which  are  cut  over  during  this  same  July-December  period,  but  are  not  trac- 
tor logged  and  skidded,  should  be  scarified  with  a  disk  or  brush-cutter 
about  1  to  2  months  after  cutting.  Stands  which  are  harvested  in  the 
January-June  period  should  be  scarified  whenever  the  majority  of  the  cones 
on  the  fallen  tops  open,  but  not  later  than  December.  Areas  which  fail  to 
show  satisfactory  stocking  5  years  after  cutting  should  be  interplanted 
with  l-l/2-year-old  sand  pine  seedlings.  November  and  December  are  the 
best  planting  months. 


STAND  IMPROVEMENT 

Hardwood  Competition  Develops  in  3  Years  After  Logging 

The  significance  of  early  competition  from  low  shrubs  and  hardwoods 
in  the  establishment  of  loblolly  pine  is  well  indicated  from  results  of  a 
study  carried  out  in  the  Tidewater  section  of  Virginia.   This  shows  a  rapid 
rate  of  increase  of  hardwood  cover  during  the  first  3  years  after  logging, 
followed  by  a  marked  slowing  down  thereafter.   This  suggests  that  the  com- 
position of  the  future  stand  is  well  established  in  3  years.  Therefore, 
the  stocking  of  free  seedlings  at  that  time  should  be  closely  related  to 
the  eventual  stocking  of  dominant  loblolly  pine,  barring  further  cultural 
work. 

Predicting  Growth  From  Pine  Seedling  Characteristics 

As  an  aid  in  determining  the  need  for  release  of  pine  from  competing 
vegetation,  it  was  found  that  certain  seedling  measurements  were  an  excel- 
lent clue  to  future  height  growth.  Seven  hundred  2-  and  4-year-old  loblolly 
seedlings  measured  in  a  North  Carolina  study  revealed  that  (l)  the  ratio  of 
height  to  diameter,  (2)  terminal  bud  length,  (3)  needle  length,  or  (h)   num- 
ber of  branches  in  descending  order  could  be  closely  correlated  with  future 
height  growth.  For  practical  use  it  appears  that  number  of  branches  will  be 
the  simplest  to  apply. 
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A  related  study  of  loblolly  pine  regeneration  in  shelterwood  stands 
in  the  Georgia  Piedmont  showed  that  seedling  growth  and  form  quotient  are 
closely  related  to  stand  density  and  shade  level  (fig.  2). 

Estimating  Area  Shaded  by  Competing  Hardwoods 

Cultural  measures  to  release  pine  seedlings  are  becoming  so  common 
that  more  precise  estimates  of  the  expected  benefits  are  needed.  The  need 
for  liberating  pine  seedlings,  as  well  as  the  expected  benefits  from  poison- 
ing or  girdling,  can  be  judged  quite  accurately  from  the  potential  pine- 
growing  area  under  the  crowns  of  inferior  species.  A  method  of  estimating 
the  percent  of  area  shaded  by  hardwoods  k   inches  in  diameter  and  larger  has 
been  developed  from  a  study  of  residual  hardwoods  on  cutover  loblolly  pine- 
hardwood  tracts  near  Franklin,  Va.  Knowing  the  basal  area  of  hardwoods  per 
acre,  an  estimate  of  percent  of  area  shaded  can  be  obtained  by  multiplying 
basal  area  by  l.i]-.   This  is  the  area  which  a  successful  girdling  or  poison- 
ing job  would  make  available  for  pine. 
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Figure  2. — Height  and  form  quotient  of  6-year-old  pine  seedlings  under  different  pine 
overwood  densities  and  levels  of  shade. 
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Recovery  of  seedlings  liberated  from  larger  competing  stems  is 
usually  quite  rapid  (fig.  3)«  Even  those  which  have  been  suppressed  for 
long  periods  quickly  build  normal  crowns  and  begin  rapid  height  growth. 

Estimating  Man-Hours  to  Apply  Ammate  in  Notches 

Various  methods  of  controlling  inferior  species  retarding  the  es- 
tablishment and  growth  of  pine  have  been  developed  in  the  past  several 
years.  An  important  consideration  is  the  time  required  to  do  such  a  job. 
Using  a  3-nian  crew  consisting  of  two  axe  men  and  one  man  to  apply  Ammate 


Figure  3. --Heights  of  loblolly  pine  seedlings  2  to  5  years  old  in  the  Bigwoods  Experimental  Forest 
with  and  without  liberation  from  overstory  hardwoods  k   inches  and  larger. 
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(aumonium  sulfamate)  in  notches,  the  following  equation  was  found  to  pro- 
vide an  accurate  estimate  of  time  required  to  treat  pine-hardwood  stands 
where  the  stems  to  be  treated  are  mostly  under  6  inches  d.b.h.: 

Man-hours  per  acre  =  0.009(sum  of  the  diameter s)-0.005( number  of  stems) 

This  method  of  controlling  inferior  species  requires  about  four  pounds  of 
ammate  per  100  inches  of  diameter  treated. 

Poisoning  With  the  Cornell  Tool 

Where  low  competition  is  a  problem,  there  is  need  for  an  efficient 
but  economical  method  of  controlling  small  stems  up  to  3  inches  in  dia- 
meter which  overtop  pine.  A  promising  treatment  involves  the  use  of  the 
Cornell  poisoning  tool  to  apply  Ammate  in  solution  at  the  rate  of  6  pounds 
to  each  gallon  of  water.  The  method  of  application  is  by  incision  or  jabs 
around  the  basal  perimeter — one  jab  per  inch  of  diameter.   In  an  experiment 
installed  in  January  1952  in  coastal  South  Carolina  76  percent  of  the  trees 
were  killed  or  nearly  killed  within  1  year,  resulting  in  effective  release 
of  seedling  and  sapling  pine  from  competing  gums,  oaks,  and  myrtles. 

Honeysuckle,  an  increasingly  serious  problem  in  the  Piedmont,  re- 
sists control.  Preliminary  tests  on  the  Hitchiti  Experimental  Forest  in 
Georgia  involving  10  to  80  pounds  of  C.M.U.  (chlorinated  methyl  urea)  per 
acre,  gave  quick  foliage  kill  but  poor  control  of  roots,  particularly  at 
lower  rates  of  application. 


FOREST  GEEETICS 

The  production  of  more  and  better  forest  products  on  the  available 
land  is  the  chief  goal  of  forest  management  research  in  the  Southeast.   In 
the  main,  this  involves  the  development  of  better  cultural  practices.  But 
to  get  the  most  out  of  the  land  we  also  need  better  trees — superior  strains 
of  trees  having  improved  growth  rates,  greater  resistance  to  disease,  bet- 
ter form,  and  higher  quality.  This  job  requires  fundamental  research,  an 
intensive  search  for  superior  strains  of  trees,  cross -pollination  among 
superior  individuals,  and  an  extensive  program  of  progeny  testing. 

The  Station's  genetics  research  was  started  at  Lake  City,  Florida, 
in  19^1.  The  genetics  work  as  well  as  the  other  forest  management  research 
at  Lake  City  was  speeded  up  during  1953  hy  an  appropriation  of  $20,000  from 
the  State  of  Florida.  Cooperation  of  the  Station  with  the  Ida  Cason  Calla- 
way Foundation  genetics  project  in  Georgia  was  intensified,  and  several  re- 
search centers  initiated  small  genetics  studies  during  the  year. 

Mature  Cones  Collected  From  Rooted  Slash  Pine  Cuttings 

Recently,  at  Lake  City  the  project  to  develop  high-yielding  pine  for 
gum  naval  stores  made  an  important  step  ahead  when  mature  cones  were  col- 
lected from  7-year-old  rooted  slash  pine  cuttings.  This  is  the  first  re- 
corded production  of  cones  on  slash  pine  cuttings.   The  initial  milestone 
in  this  project  was  the  rooting  of  cuttings  from  superior,  mature  trees  in 
±'^k2>-kk,   a  feat  never  before  accomplished.   The  largest  planted  cutting, 
now  over  25  feet  tall,  is  facetiously  known  at  Lake  City  as  "the  most  photo- 
graphed tree  in  the  world." 
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Figure  k. — Aerial  roots  on 
a  slash  pine  branch  after 
special  treatment  with  a 
growth  hormone.  The  treated 
area  was  wrapped  in  wet  moss 
and  covered  with  plastic  for 
several  weeks  as  shown  on 
the  twig  at  the  left.  This 
technique,  called  "air- 
layering,"  will  facilitate 
the  propagation  of  cuttings 
from  "elite"  trees. 


Air-layering  a  Promising  Technique  for  Slash  Pine  Rooting 

It  is  a  well  established  fact  that  propagation  by  vegetative  means, 
such  as  rooting  branch  cuttings,  assures  progeny  of  the  same  characteris- 
tics as  the  parent.   In  an  effort  to  develop  more  efficient  propagation 
techniques  for  slash  pine,  intensive  studies  are  iinder  way  at  Olustee  and 
Gainesville,  Florida.  Air-layering,  an  established  technique  in  horti- 
culture, has  now  been  used  with  85-percent  success  on  slash  pines  5  to  17 
years  old.  The  technique  involves  girdling  a  twig,  painting  the  wo\md 
with  a  chemical  growth  substance,  and  binding  wet  moss  about  the  wound 
with  a  plastic  sheet  that  has  been  treated  with  nutrients  and  a  fungicide. 
When  roots  appear  (fig.  h) ,   the  twig  is  severed  from  the  tree  and  planted 
in  a  nursery  bed  for  further  development. 
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Grafting  Techniques  for  Slash  Pine 

Intensive  studies  have  been  conducted  at  Lake  City  to  develop  im- 
proved vegetative  propagation  techniques  for  slash  pine  for  use  in  the 
genetics  project.  As  shown  in  the  following  table,  the  bottle  graft 
method  gave  75-percent  success  in  the  greenhouse  and  95-percent  success 
in  the  field,  where  scions  were  grafted  to  natural  seedlings  under  the 
partial  shade  of  a  pine  stand. 


Table  2.— Proportion  of  successful  graft  unions  of  slash  pine 
in  relation  to  grafting  method  and  environment 

(in  percent) 


Grafting  method 


In  greenhouse 


No  cover  *  In  sweatbox 


In  pine  stand 


No  cover  [   In  humidity  chamber 


Cleft 

Veneer 

Bottle 


20 
30 
75 


30 
55 
25 


0 

0 

95 


5 
i^5 
55 


Inasmuch  as  the  bottle  method  supplies  water  to  the  base  of  the 
scion  from  a  small  container,  this  method  requires  no  h\amldity  chamber. 
With  veneer  and  cleft  grafts,  a  h\imidity  chamber  is  beneficial  because 
it  reduces  the  drying  out  of  the  graft  union  caused  by  transpiration 
drain  on  the  scion. 

Grafting  of  one  species  on  another  has  been  used  as  a  shock  treat- 
ment to  induce  early  flowering  of  trees  and  thereby  save  years  between 
generations  in  tree-breeding  research.  Such  heteroplastic  grafts  have 
been  made  successfully  at  Lake  City  with  scions  of  slash  pine  on  stocks 
of  loblolly,  ponderosa,  pitch,  and  white  pines,  Douglas-fir,  Norway  spruce, 
and  white  spruce.  It  is  too  soon  to  tell  whether  early  seed  production 
will  follow. 

Superior  Trees  Producing  Superior  Offspring 

The  cooperative  tree  Improvement  program  with  the  Callaway  Founda- 
tion, established  in  1950  in  the  Georgia  Piedmont,  now  has  30  acres  of 
outplantings  for  testing  longleaf ,  slash,  shortleaf,  and  loblolly  pine 
progeny  from  wind-pollinated  superior  mother  trees.  Distinct  differences 
in  height  growth  are  apparent.  For  exstmple,  the  seedlings  from  one  parent 
tree  of  loblolly  pine  averaged  more  than  twice  as  tall  as  the  seedlings 
from  another  loblolly  pine  at  1  year  of  age. 

The  first  seedlings  from  contr oiled-pollination  of  superior  lob- 
lolly and  slash  pine  phenotypes  were  produced  in  195 3 •   In  each  of  three 
groups  (two  loblolly  x  loblolly  and  one  loblolly  x  slash)  control-pollinated 
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year-old  seedlings  averaged  taller  than  the  more  vigorous  wind-pollinated 
group  from  either  parent. 

Good  Results  With  Hybrid  Poplar 

A  small  test  of  hybrid  poplars  at  the  Coweeta  and  Toccoa  Experi- 
mental Forests  indicates  that  on  good  sites  in  the  Southern  Appalachians 
the  hybrids  show  better  growth  than  outstanding  native  species.  Best  re- 
sults came  from  a  hybrid  clone  designated  Androscoggin  ( Populus  maximowiczii 
X  P.  berolinenis) .  In  13  years,  survival  averaged  76  percent,  height  k6 
feet,  and  diameter  k-,'J   inches. 

Station  Cooperating  in  Seed-Source  Study 

Several  of  the  50  plantations  in  the  large  cooperative  seed-source 
study  of  the  Committee  on  Southern  Forest  Tree  Improvement  were  established 
by  the  Station's  research  centers.  One  at  Lake  City  on  land  made  available 
for  genetics  studies  by  the  National  Container  Corporation  reveals  that 
seedlings  from  the  southernmost  seed  origin  of  slash  pine  (Polk  County, 
Florida)  grow  appreciably  slower  than  seedlings  from  more  northerly  origins. 
These  seedlings  may  be  hybrids  between  north  and  south  Florida  slash  pines. 

Supplemental  local  seed  source  studies  have  been  started,  one  in  the 
south  Georgia-north  Florida  area  testing  slash  pine,  and  another  in  South 
Carolina  for  longleaf  pine. 

Introduced  Species  in  Appalachian  Mountains 

Existing  plantations  containing  introduced  species  often  yield  in- 
formation regarding  the  adaptability  of  the  species  to  a  given  area.  One 
group  of  such  plantations  is  at  the  Bent  Creek  Experimental  Forest.   Cur- 
rently 32  species  are  involved,  but  only  10  species  approach  Southern 
Appalachian  mountain  native  species  in  vigor  and  growth.  Of  these,  only 
three  show  promise  for  further  planting.  Atlantic  white-cedar  grew  well 
on  a  wet  site,  but  was  very  susceptible  to  root  and  butt  rot.  Loblolly 
and  pond  pine  were  superior  to  all  others  in  growth  rate  to  date,  even 
though  they  may  not  be  climatically  adapted  to  the  area.  Growth  rates  of 
the  species  tested  are  given  in  Station  Paper  27, 


PRUNING 

Bud  Pruning  of  Slash  and  Loblolly  Pine 

Bud  pruning  is  a  special  technique  requiring  annual  removal  of  all 
lateral  buds  or  new  branchlets.  At  the  Hitchiti  Experimental  Forest  in  a 
test  with  slash  pine,  seven  prunings  have  resulted  in  a  significant  re- 
duction in  height  and  diameter  growth.  This  amounts  to  about  3-l/2  feet 
in  height  (in  6  years)  and  0.25  inch  in  diameter  (in  h   years).  The  seven 
annual  prunings  have  now  cleared  one  l6-foot  log  on  87  percent  of  the  trees, 
Total  time  for  each  bud  pruning  to  date  amounted  to  6  to  8  minutes  per  tree, 

In  loblolly  there  is  also  a  reduction  in  growth  from  bud  pruning. 
More  serious  than  this  is  the  occurrence  of  epicormic  sprouting.  About  95 
percent  of  the  pruned  trees  average  about  five  sprouts  per  tree,  a  factor 
which  increases  pruning  time  and  prevents  development  of  a  clear  stem. 
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THIOTING 


Longleaf  Pine 


Comparatively  little  effort  has  been  devoted  to  the  problem  of 
thinning  for  optimum  stand  density  in  the  longleaf  stands  of  the  Southeast. 
A  recently  summarized  study  involving  22  quarter-acre  plots  established 
in  1932  in  Florida  is  indicative  of  some  of  the  basic  relationships  be- 
tween stand  density  and  growth  rate  per  acre  and  per  tree.  The  results 
obtained  show  that  maximum  volume  production  of  flatwoods  longleaf  pine  is 
possible  over  a  wide  range  of  stand  densities,  but  that  diameter  growth 
and  crown  development  is  distinctly  favored  by  light  density.  The  data 
further  show  that  where  fairly  wide  spacing  ic  used,  such  as  to  favor  gum 
yields  and  forage  production,  the  sacrifice  of  wood  volume  production  of 
longleaf  pine  on  poor  flatwoods  sites  may  be  less  than  is  generally  sup- 
posed. Also,  in  view  of  an  early  expression  of  dominance  which  charac- 
terizes the  species,  precommercial  thinnings  do  not  appear  to  be  justified. 

White  Pine 

Were  it  not  for  the  pioneering  efforts  in  forestry  on  the  Biltmore 
Estate,  information  on  the  management  of  Appalachian  white  pine  plantations 
would  be  several  decades  in  the  future.  Results  are  now  available  showing 
the  effect  of  six  thinnings  (1916  to  1953)  in  a  white  pine  pleintation  53 
years  after  planting,  or  56  years  from  seed  (fig,  5).  Plot  studies  show 
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Figure  5. --Eroded  hillside  where  pines  were  planted  in  l899,  and  stand  kQ   years  later. 
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that  majiagement  in  the  form  of  these  six  intermediate  cuttings  has  in- 
creased the  total  yield  of  the  stand  by  $200  per  acre  in  terms  of  stimp- 
age  value  (fig.  6),  Furthermore,  nearly  one-third  of  the  total  wood 
yield  to  date  on  the  thinned  area  was  obtained  from  the  intermediate 
cuttings,  which  removed  largely  trees  that  will  die  without  management 
(fig.  7)«  Sawtimber  yields  are  50  percent  greater  as  a  result  of  the 
thinning,  and  cubic-foot  yields  are  35  percent  greater. 
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Figure  "J. — A  shows  per-acre  production 
in  volume  of  saw  logs  only,  and  B  shows 
value  of  both  saw  logs  and  pulpwood. 


Figure  6. — Per-acre  wood  production  in 

both  saw  logs  and  pulpwood  as  related 

to  age.  A  thinned  stand,  and  B  unthinned. 
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CUTTING  METHODS 


Methods  of  Cutting  In  Pine  Pulpvood  Stands 

Loblolly  pine  pulpwood  stands  are  usually  ready  for  their  first 
commercial  cut  at  25  to  30  years  of  age.  Many  are  cut  with  no  regard 
for  their  future  potentialities;  others  are  cut  under  a  definite  plan  of 
majiagement»  A  study  of  the  economic  and  silvicultural  aspects  of  six 
different  methods  of  cutting  was  initiated  in  1939  on  five  parallel  sets 
of  plots  in  Virginia  and  the  Carolinas.  A  comparative  analysis  between 
methods  was  made  9  years  later.   Cutting  methods  used  and  the  financial 
comparisons  among  them  are  shown  in  table  3« 

Table  3« — Financial  comparisons  for  a  9-year  period  after  application 

of  six  methods  of  cutting  in  young  loblolly  pine  stands 

(Dollars  per  acre) 


W 


Method  of  cutting 


Pulpwood  valu' 
1939 


Cut 


Left 


Stand  value  9 
years  laterl/ 


As 
pulpwood 


As  saw- 
timber  85 
pulpwood 


Expectation 
value  19392/ 


As 
pulpwood 


As  saw- 
timber  & 
pulpwood 


h   seed  trees  96 

12  seed  trees  92 
Shelterwood 

(40  trees)  77 

7-in,  diameter  limit  79 
Moderate  thinning 

from  below  ij-2 
Heavy  thinning  from 

below  5^ 


5 
9 

27 
2h 

56 

51 


13 

22 

33 
60 

i^8 
33 

159 
33 

93 

196 

82 

231 

106 
109 

121 
138 

114 
lOU 

199 
104 

113 

192 

117 

231 

.  Sawtimber 

1/  Pulpwood  stumpage  $4.00  per  standard  rough  cord, 
stumpage  $30  per  M  bd.  ft.  (int.  l/4-inch  rule). 

2/  "Expectation  value  1939"  is  value  of  volume  removed  in  1939 
plus  value  of  residual  stand  9  years  later  discounted  at  3  percent. 


The  heavy  thinning  made  the  best  financial  showing  on  the  basis 
of  expectation  value  1939.  The  average  stand  in  this  treatment  group 
had  a  value  of  IO5  dollars  for  pulpwood  at  25  to  30  years  of  age.  Half 
of  this  stand,  left  after  thinning,  increased  to  a  value  of  $231  for  saw- 
timber  and  pulpwood  9  years  later.  One  of  the  heavily  thinned  stands  is 
shown  in  figure  8. 

Another  major  finding  of  the  study  was  the  failure  of  the  seed-tree 
and  other  harvest  cutting  methods  to  regenerate  the  young  stands  that  were 
cut  at  25  to  30  years  of  age.  Even  12  seed  trees,  the  most  successful  of 
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BEFORE 
CUTTING 


AFTER 
CUTTING 


9  YEARS 

AFTER 

CUTTING 


Figure  8, — A  27-year-old  pine  stand  given  a  heavy  thinning  where  all  merchantable  trees  except 
100  of  the  best  dominants  and  codomlnants  per  acre  were  cut.  Trees  with  number  and  band  repre- 
sent residual  stand.  This  method  of  cutting  produced  the  best  volume  growth  and  gross  returns. 
Plot  located  near  Jarratt,  Va. 
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the  methods  tried,  resulted  in  an  average  of  only  36O  pine  seedlings  per 
acre  3  years  after  the  harvest.  This  study  illustrates  the  difficulties 
to  be  expected  when  young  loblolly  pine  stands  are  harvested  before  the 
trees  are  sufficiently  well  developed  to  provide  adequate  seed,  and  when 
no  cultural  measures  are  used  to  prepare  a  seedbed  or  control  hardwood 
competition. 

Clear  Cutting  Raises  Water  Level  in  Flatwoods 

Of  considerable  concern  to  research  workers  in  the  lower  Coastal 
Plain  are  the  problems  associated  with  too  much  water  on  or  near  the  sur- 
face. This  excess  water  may  be  a  chief  cause  of  poor  stocking  in  estab- 
lished pine  stands  or  may  explain  why  certain  sites  are  taken  over  by  less 
valuable  species.  Many  people  have  speculated  that  removal  of  timber  on 
low,  wet  sites  reduces  the  transpiration  draft  and  thus  allows  the  water 
table  to  rise.  A  recent  study  in  tidewater  Virginia  indicates  that  this 
is  true.  A  series  of  ground  water  wells  were  installed  on  a  straight  line 
extending  from  the  center  of  one  clear-cut  strip  into  other  uncut,  clear- 
cut,  and  selectively  cut  strips  (fig.  9).  'This  level  area  was  once  covered 
by  a  heavy  stand  of  pine  and  hardwood  timber  growing  on  Bladen  silt  loam. 

Under  the  selection  stand  the  water  table  was  at  a  lower  level  dur- 
ing the  growing  season  thaai  in  the  adjacent  clear-cut  strip.  The  same 
effect  of  a  timbered  stand  was  recorded  under  an  uncut  strip  of  timber. 
At  1/2-chain  distance  away  from  either  timbered  stand  the  water  table  was 


20 
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CLEAR 
CUT 
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"^  ^  .. 

^  Uj  14 
"^  13 


12 


SEPT.  28, 1953  — 


SEPT.  14,1953 


2  3  4 

DISTANCE-CHAINS 


Figure  9.— Typical  water-table  profiles  through  different  types  of  stands  on  the 

Bigwoods  Experimental  Forest. 


-  17  - 


at  a  uniform  high  level.  During  the  period  September  li+  to  September  28, 
3.21  inches  of  rain  raised  the  water  table  about  three  feet  in  the  clear- 
cut  area  and  an  insignificant  amount  2  chains  within  the  selection  forest. 


FINANCIAL  ASPECTS 
Mountain  Logging  Costs 

Factors  affecting  the  cost  of  logging  mountain  hardwoods  were  the 
subject  of  an  intensive  investigation  made  at  some  30  different  logging 
operations  within  a  75-iiiile  radius  of  Asheville,  N.  C.  The  results  of 
this  study  appeared  recently  in  Station  Paper  No.  32,  "Logging  Methods 
and  Costs  in  the  Southern  Appalachians,"  by  Robert  A,  Campbell.   Some  of 
the  report's  highlights  are:  (l)  Log  making — power  saws  will  do  the  job 
at  half  the  cost  of  hand  sawing.  Most  efficient  use  of  power  saws  re- 
quires that  delay  time  be  kept  low  and  saw  performance  high.   (2)  Skidding — 
medium  tractors  (D5  and  TD9)  are  consistently  the  cheapest  motive  power  for 
all  distances  and  load  sizes;  teams  are  second  best.  Light  tractors  (D2  and 
TD6)  are  not  very  practical  in  mountain  logging.  Regardless  of  equipment 
used,  capacity  loads  should  be  skidded  whenever  possible.   (3)  Loading — 
power  loading  is  more  efficient  than  hand  loading  only  in  situations  where 
there  are  no  bank-loading  spots  or  when  logs  are  both  skidded  and  loaded  by 
the  same  machine,  (h)   General — Intelligent  supervision,  proper  size  of  crew, 
and  advance  work  planning  will  make  logging  both  easier  and  safer  for  the 
worker  and  produce  substantial  savings  for  the  operator.  Total  logging  cost 
per  M  board  feet  is  inversely  related  to  tree  size;  it  is  nearly  twice  as 
high  for  12-inch  trees  as  for  2i<— inch  trees. 

Board  Widths  Obtainable  From  Pine  Trees  of  Different  Diameters 

Timber  buyers  and  appraisers,  particularly  those  in  pine  "roofer" 
areas,  might  gage  the  value  of  a  tract  of  timber  more  accurately  if  they 
had  an  estimate  of  the  percentages  of  various  board  widths  which  might  be 
produced  from  a  particular  stand. 

In  1935  Telford  and  McMillan  determined  the  board  widths  which  could 
be  cut  from  loblolly  and  shortleaf  pine  trees  of  different  diameters.  Studies 
made  at  10  separate  operations  by  the  Hit chit i  Research  Center  showed  that  the 
estimates  are  still  applicable.  Board-width  yields  obtained  from  representa- 
tive stands  of  different  average  diameters  are  given  in  table  ^4-. 

Effect  of  Utilization  on  Topwood  Volume 

Many  sawtimber  stands  are  cruised  and  sold  on  the  basis  of  an  8-inch 
merchantable  top.  But  often  the  operator  will  cut  to  a  6-inch  top  or  beyond, 
particularly  on  the  smaller  trees.  He  gets  an  unpaid-for  volume  in  small, 
knotty  logs,  but  on  the  other  hand,  the  seller  may  be  cut  out  of  a  possible 
topwood  sale  for  pulpwood.   Inspection  of  table  5*  developed  in  a  cooperative 
study  with  the  Westvaco  Experimental  Forest,  in  South  Carolina,  shows  that  in 
cutting  to  a  6-inch  rather  than  8-inch  top,  the  potential  pulpwood  volume  in 
the  smaller  trees  may  be  reduced  by  about  80  percent. 
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Table  h, — Actual  versus  estimated  board  widths  obtained  in  a  pine  roofer 
operation  in  stands  of  different  average  tree  diameter 

(in  percent  of  total) 


Average 
d.b.h. 
of  stand 
(inches) 


Volume 
cut 


Basis 


Board  width  ( 1-inch  thickness) 


if  &  5 
Inches 


6 
inches 


8 
inches 


10 
inches 


12 
inches 


12. if 

13.3 
llf.8 

l6.5 

17.9 


M  bd.ft. 


233 

68 

27 

7 


Actual     26 
Estimated   27 


Actual 

25 

Estima.ted 

19 

Actual 

15 

Estimated 

15 

Actual 

18 

Estimated 

Ik 

Actual 

11 

Estimated 

7 

kG 
^5 

35 
37 

32 
33 

20 

22 

22 
20 


26 
22 

2k 
25 

k2 

3h 

25 
25 

30 

2k 


2 

5 

16 
13 

11 
16 

21 
25 

13 
27 


16 
Ik 

2k 
22 


As  a  further  aid  in  estimating  yield  of  pulpwood  from  tops,  topwood 
volume  tables  prepared  from  data  collected  in  Dooley  County,  Ga. ,  have  been 


prepared  for  slash  and  longleaf  pine. 
Note  k2. 


They  are  published  in  Station  Research 


Log  Grades  and  Lumber  Grade  Recovery  for  Southern  Pine 

A  system  of  grading  southern  pine  logs  has  developed  from  a  coopera- 
tive project  by  the  Southern  and  Southeastern  Forest  Experiment  Stations, 
the  Forest  Products  Laboratory,  and  the  Southern  Region  of  the  U,  S.  Forest 
Service.   This  log-grading  system — described  in  the  report,  "Interim  Log 
Grades  for  Southern  Pine,"  published  by  the  Southern  Forest  Experiment  Sta- 
tion in  1953 — provides  a  means  of  estimating  the  quality  of  logs  in  terms 
of  yard  lumber  grade  recovery  or  dollar  value  per  thousand  board-feet.   The 
new  grading  system  Is  simpler  than  those  used  earlier  and  stratifies  the 
logs  into  value  groups  more  accurately.  A  series  of  lumber-grade  yield 
studies  for  the  various  species  and  timber  types  of  southern  pine  will  do 
much  to  Increase  the  value  euad  use  of  these  log  grades. 

Grade  yields  have  been  analyzed  for  the  logs  which  were  used  in 
developing  the  new  log-grading  system.  The  percentage  of  lumber-grade  yield 
"by  log  grade  at  each  of  two  locations  is  shown  in  table  6. 


-  19  - 


Table  5. — Topvood  voliunes  per  M  board  feet  of  sawtimber— ^  (int'l.  l/^^-lnch  rule) 


D.i.b. 

utilization 

D.b.h.  class 

Sawtimber 

; 

Topwood 

10 

;    12 

•  li^  •  16   • 

•           •            • 

18 

*   20 

• 
• 

Inches 
6 

Inches 

r^nVx^  r»      -P/^£i-|-     . 

37 

Ik 

7 

6 

5 

28 

10 

li 

-. 

-- 

8 

k 

207 

6k 

30 

-- 

— 

8 

5 

189 

57 

2i4-     12 

7 

5 

8 

6 

-- 

— 

9 

5 

k 

10 

5 

— 

— 

40 

21 

13 

10 

6 

— 

— 

35 

18 

11 

1/  Basis — 310  loblolly  pines  in  the  South  Carolina  Coastal  Plain. 


Table  6. — Average  yard  lumber  grade  recovery  by  log  grade  in 

the  loblolly-shortleaf  pine  type 
(in  percent  of  rough  green  lumber  tally) 


[  South  Carolina  Coastal  Plain 

Georgia  Piedmont 

Lumber  grade 

Log  grade 

.  Log  grade 

1   *   2   •   3   '   4   ' 

1 

•           •           • 

.-2    ;   3    ; 

k 

B  &  btr 

51 

31 

13 

1 

- 

50 

17 

.4 

C 

2k 

21 

10 

3 

- 

18 

12 

k 

#  ic 

23 

3^^ 

29 

8 

- 

26 

35 

25 

#2C 

2 

li^ 

kl 

80 

- 

5 

3k 

6k 

#  3C 

(1/) 

(1/) 

1 

8 

- 

1 

2 

3 

1/ 

Negligible. 

Log  value  can  be  estimated  from  the  foregoing  table.  An  easier 
method  is  by  means  of  log  quality  indices  which  express  grade  and  board- 
width  recovery  in  a  single  number.  This  number  is  so  derived  that  it 
states  the  \anit  value  of  all  the  lumber  in  a  log  when  the  unit  value  of 
No.  2  common  1x8  boards  is  taken  as  100.  Table  7  illustrates  the  use 
of  the  indices  in  arriving  at  log  values.   It  also  illustrates  the  very 
wide  spread  in  value  per  M  board  feet  of  the  lumber  in  high-grade  logs 
($171)  compared  with  low-grade  logs  ($75). 
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Table  7. — Average  lumber  value  by  log  grade  for  loblolly  and 
shortleaf  pine.  South  Carolina  Coastal  Plain  Study 


Interim 

log 

grades 


Average 

log 
diameter 


Average 
log  quality 


Price  of 
#2C 
lumber 


Lumber  value  per  M  b.f.  of  logs 
/Price  ^2C  x  quality  index % 


100 


Inches 


Index 


Dollars 


1 

18.8 

2hk 

70.00 

2 

1^.7 

190 

70.00 

3 

13.2 

IhG 

70.00 

k 

11.1 

107 

70.00 

Dollars 

170.80 

133.00 

102.20 

7^.90 


SUSTAINED -YIELD  PILOT  PLANT 

A  2200-acre  pilot  plant  on  the  George  Walton  Experimental  Forest  near 
Cordele,  Ga.,  is  in  its  fourth  year  of  operation.  During  the  interval,  this 
large-scale  test  of  sustained-yield  management  in  the  longleaf -slash  pine 
type  has  shown  a  gross  annual  stumpage  return  of  $5.9^  per  acre.  Two  years 
before  cutting  began,  an  inventory  showed  only  II30  board  feet  per  gross 
acre,  part  of  which  had  been  worked  out  for  naval  stores.  Cuts  as  low  as 
500  board  feet  per  acre  have  proven  commercially  feasible.  In  this  typi- 
cally understocked  forest,  strict  area  regulation  will  be  impossible  for 
some  time.  The  worked-out  older  timber  must  be  liquidated,  leaving  a  pre- 
ponderance of  young  age  classes.  At  present,  this  irregular  forest  seems 
best  suited  for  even-aged  management  by  groups  and  stands. 

As  part  of  the  development  program  on  the  pilot  plant  it  was  found 
that  wide  annually  burned  fire  lanes  provide  the  best  protection  in  this 
area  where  people  burn  at  will.  This  type  of  protection  costs  79^  per  acre 
annually.  However,  it  has  resulted  in  practically  100-percent  restocking 
of  previously  fire-swept  slash  pine  sites.  A  growth  rate  of  5OO  to  750 
board  feet  should  result  as  the  growing  stock  builds  up. 


FARM  WOODLAND  MANAGEMENT 
Farm  Woodlot  in  Tenth  Year  at  Olustee 

Most  of  the  Station's  research  centers  have  had  one  or  more  experi- 
mental farm  woodland  tracts  in  operation  for  several  years.  The  one  on  the 
Olustee  Experimental  Forest  is  in  its  tenth  year  of  operation.  Sawlogs, 
pulpwood,  crossties,  fuelwood,  and  posts  were  cut  and  sold  annually  at  the 
stump.  Gum  was  sold  at  the  roadside.  Over  the  9  years  19^+^-1952,  the  aver- 
age net  return  to  the  farmer  was  about  $350  on  37  acres,  or  an  average  of 
$1.82  per  acre  for  stumpage  plus  $0.77  per  hour  of  labor  for  working  up  the 
products.  The  hourly  figure  has  costs  of  tools  and  equipment  deducted,  but 
no  deduction  has  been  made  for  taxes,  insurance,  and  other  incidental  costs. 
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The  condition  of  this  farm  woodland  has  Improved  from  year  to 
year.  For  the  first  few  years  the  volume  cut  exceeded  the  volume  growth 
in  order  to  clear  the  area  of  worked-out  naval  stores  trees,  which  origi- 
nally made  up  25  percent  of  the  merchantable  volume.  Since  then,  the 
growth  has  exceeded  the  cut  (fig.  lO).  Basal  area  has  increased  ahout 
10  square  feet  per  acre,  number  of  trees  per  acre  has  increased  about  50 
percent,  and  present  growth  is  at  least  30  percent  more  than  it  was  in 
19^^-^5»  The  yield  of  gum  has  increased  from  an  initial  I56  barrels  per 
crop  to  225  barrels  per  crop,  reflecting  the  faster  growth  and  Increased 
vigor  of  the  trees. 
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Figure  10. — Trend  of  growth  and  harvests  on  the  37 -acre  Olustee  Farm  Woodland.  Heavier  cuts 
were  made  at  first  to  remove  worked-out  trees  and  other  poor  growing  stock. 
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LARGE-SCALE  TESTS  OF  MANAGEMENT  SYSTEMS 

Included  in  the  program  at  five  research  centers  are  comprehensive 
term  tests  of  management  systems.  Altogether  there  are  l66  areas  or  com- 
partments ranging  from  30  to  100  acres  in  size.  Their  primary  objective 
is  to  give  timherland  owners  and  managers  adequate  information  as  to  de- 
sirable systems  of  handling  timber  in  keeping  with  basic  management  objec- 
tives. As  a  sample,  the  set  of  treatments  that  are  being  compared  in  one 
large-scale  test  of  management  systems  of  loblolly  pine  is  shown  in  table  8. 

Table  8. — Design  of  large-scale  test  of  management  systems  for  loblolly  pine 
on  the  Bigwoods  Experimental  Forest  in  North  Carolina 


Even-aged  management 

;    All-a^ 

5ed  management 

\                    Major  treatment 

:  Minor 
treatment 

\   Major  treatment 

Minor 
treatment 

1/  •             2/ 
|Short  rotation-'  [Long  rotation-' 

'Residual  volume-^ 

tfj/  ;  stripV--^  :str.pi/^ 

High  [      Low 

Number  of  compartments 


No.  compts, 


Extensive  stand 
improvement 

With  fire      3 
Without  fire   3 

Intensive  stand 
Improvement 

With  fire      3 
Without  fire   3 


1 
1 


1 
1 


Stand  improvement 

High  level  2 
1  Low  level  : 
1   None  ] 


2 

3 

1 


1/  30-40  years.   2/  6O-7O  years.    3/  8-10  seed  trees  per  acre. 
k/     Leave  strip  1-chain  wide;  cut  strip  3-chains  wide.  Final  cut  3-4  years 
after  initial  cut.    5/  5-year  cutting  cycle. 


Obviously,  the  ultimate  results  from  these  studies  will  not  be  available  for 
a  nimiDer  of  years.   In  the  meantime,  they  serve  as  excellent  demonstrations 
of  various  management  systems,  and  produce  many  worth-while  interim  results. 
For  example,  much  of  this  Station's  recent  information  on  the  reproductive 
habits  of  loblolly  pine  has  been  gained  from  this  large-scale  test  of  har- 
vest cutting  methods  at  the  Bigwoods  Experimental  Forest.  Furthermore,  all 
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the  logs  used  In  the  development  of  the  Interim  Southern  Pine  Log  Grades 
came  from  cuts  on  the  Hitchiti  and  Santee  Experimental  Forests.   In  addi- 
tion, the  compartments  are  convenient  as  pilot  plants  for  results  obtained 
from  sample  plots  or  other  limited  tests.  Much  of  the  large-scale  testing 
of  prescribed  burning,  poisoning,  and  other  cultured  measures  has  been 
done  on  these  compartments. 

Of  somewhat  academic  significance  are  the  interim  financial  returns 
realized  from  the  sale  of  stumpage  and  products  obtained  from  the  compart- 
ments as  a  consequence  of  prescribed  treatments.  An  example  may  be  taken 
from  the  records  at  the  Santee  Experimental  Forest  located  in  the  South 
Carolina  Coastal  Plain.   Initial  formative  cuts  on  1109  acres  of  loblolly- 
pine  divided  into  28  compartments  have  yielded  an  annual  gross  return  of 
$9.80  per  acre  for  stumpage.  This  is  impressive  considering  that  most  of 
the  early  treatment  was  designed  to  make  the  area  even  more  productive  in 
later  years. 

NAVAL  STORES 

Development  of  Acid  Stimulation 

Some  small  exploratory  studies  in  the  effect  of  strong  acids  on  gum 
flow  were  begun  in  193^.  This  work  was  not  pushed,  as  labor  was  plentiful 
in  the  gum  naval  stores  industry.  But  World  War  II  disclosed  a  real  need 
for  a  labor  saving  method  of  turpentining.  As  the  various  aspects  of  acid  |' 
treatment  became  apparent,  more  and  more  efforts  were  concentrated  on  the  f: 
problem.  By  19^6  some  commerical  benefits  began  to  appear,  largely  by  way 
of  pilot  plant  operations.  By  1950,  a  good  practical  technique  had  been 
developed  that  any  woods  laborer  could  understand.  Also,  substantial  bene- 
fits had  become  apparent  to  the  whole  gum  naval  stores  industry.  Since 
then,  research  has  been  concentrated  on  various  refinements  to  the  basic 
technique. 

An  estimate  of  the  relation  between  the  cost  of  development  and 
the  resulting  benefit  to  gum  producers  is  illustrated  in  figure  11.  As 
shown,  all  the  expenses  of  a  decade  and  a  half  of  research  were  repaid 
during  the  first  5  years  of  commercial  use.  And  the  benefit  to  Industry 
this  year  is  about  20  times  the  current  allotment  for  research. 

Fundamental  Studies 

Turpentining  reduces  the  growth  of  trees,  but  the  profit  on  gum  is 
m-any  times  greater  than  the  loss  resulting  from  reduced  wood  increment. 
During  the  past  year,  quantitative  data  were  obtained  for  the  first  time 
on  the  loss  in  wood  increment  resulting  from  the  use  of  bark  chipping  and 
sulfuric  acid  treatment  on  young  slash  pines  in  plantations.  On  20-year- 
old  trees  10  to  11  inches  d.b.h.,  current  annual  increment  on  worked  trees 
was  about  73  percent  of  that  on  round  trees  during  the  first  season  of 
turpentining.  The  increment  was  nearly  the  same  for  both  the  bark-chipping, 
acid-treating  method  and  the  wood-chipping  method. 

Tests  of  new  chemicals  as  possible  replacements  for  sulfuric  acid  in 
treating  naval  stores  streaks  have  been  continued,  but  none  has  yet  been 
found  practical. 
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New  Methods  in  Testing  Stage 

Preliminary  tests  indicate  that  the  labor  costs  in  gum  production 
might  be  reduced  by  more  intensive  methods  of  working  trees  over  shorter 
periods  of  time.  Experiments  are  under  way  to  determine  whether  the 
labor  requirements  can  be  reduced  by  using  higher  streaks  and  higher  con- 
centrations of  sulfuric  acid  with  fewer  streaks  per  year  or  with  fewer 
years  of  work  per  face. 

Proven  Methods 

Tests  of  different  streak  heights  and  experience  of  commercial  gum 
producers  have  demonstrated  that  for  most  operations  3/^-inch  is  about  the 
optimum  streak  height  for  use  with  bark  chipping  and  treatment  with  50  per- 
cent sulfuric  acid  at  biweekly  intervals  on  both  slash  and  longleaf  pine 
(fig.  12),   This  technique  will  permit  k   years  of  work  on  a  face  without 
reaching  the  "pulling  stage." 


1200 
1100 
1000 
900 


O)  800 

I 

^  700 

*^  600 


«0 

!t  500 

O  400 


300 

200 

100 

0 


- 

/ 

- 

/ 

^/ 

'V 

fi 

- 

% 

/ 

*EXP 

LORATORy 

TESTS^ 

1 

_ 

^^y^  COS 

T  OF  RES 



EARCH 

- 

1 

1 

1 

1 

1 

1937 


1939 


1941 


1943 


1945      1947 
YEAR 


1949 


1951 


1953 


1955 


Figure  11. Relation  between  cost  of  research  and  benefit  to  gum  naval  stores  industry  from 

development  of  bark  chipping  and  acid  treatment.  Potential  benefit  estimated 
at  2-million  dollars  or  more  annually  to  be  reached  in  196O. 
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Figure  12. -A  gum  farmer  using  the  bark  chipping  and  acid  treatment  method  of  turpenting 
The  bark  hack,  spray  bottle,  2-quart  cup  and  spiral  gutter  (covered  by  cup 
apron)  were  all  developed  by  research  at  the  Station. 
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A  major  advance  in  gutter  installations  is  the  use  of  spiral 
gutters  attached  to  the  trees  with  double-headed  nails.  Advantages  are: 

1.  Increase  in  gum  yields  of  about  20  percent  more  than  those  obtained 
by  use  of  gutters  inserted  into  broad-axe  cuts. 

2.  The  same  gutters  and  nails  can  be  used  for  the  virgin  installation 
and  for  the  successive  raised  positions  on  a  face  and  thus  reduce 
the  cost  of  materials, 

3.  The  gutters  can  be  easily  and  economically  removed  after  turpentining 
is  completed.  This  makes  possible  the  sale  of  the  tree  at  full  stump- 
age  value  without  a  deduction  for  a  jiomp  butt.  For  landowners  who 
work  their  trees  with  modern  turpentining  techniques,  this  means  an 
advantage  of  more  than  $^,000  on  every  crop  of  10,000  naval  stores 
trees  sold  for  sawlogs. 

Equipment  Development 

The  elevation  of  gutters  and  cups  on  a  turpentine  face  has  always 
been  a  troublesome  and  expensive  chore  on  commercial  naval  stores  opera- 
tions.  To  make  this  Job  easier  and  more  economical,  a  new  combination 
tool  has  been  developed  which  permits  one  man  to  do  the  entire  job  of  re- 
moving nails  and  gutters  and  installing  them  at  the  higher  level.  Because 
of  the  limitations  of  existing  tools,  this  job  is  usually  a  two-man  opera- 
tion. 

The  new  tool  has  a  specially  designed  claw  on  one  end  to  remove 
double-headed  nails  without  bending  either  nails  or  gutters.   On  the  other 
end  is  a  claw  for  removing  cup  nails.  Opposite  this  claw,  a  hammer  head 
is  attached  to  the  tool  for  driving  both  cup  nails  and  double-headed  nails. 
Hence,  one  man  can  do  both  the  removal  job  and  the  re- installation. 

After  the  tool  is  thoroughly  tested,  a  search  for  a  manufacturer 
will  be  made.   The  tool  probably  will  be  available  commercially  by  the  end 
of  195^. 


FOREST  ECONOMICS 


Timber  Inventory  of  Georgia  Completed 

On  October  30,  1953,  the  timber  inventory  of  Georgia  was  finished. 
During  the  year  field  work  was  completed  in  fifty-one  counties  located  in 
the  northern  Piedjri.ont  and  mountain  areas.  Field  crews  measured  the  timber 
on  1,870  sample  plots,  and  the  area  of  forest  land  surveyed  amounted  to 
6.4  million  acres.   Cooperation  was  received  from  the  Union  Bag  and  Paper 
Corporation,  the  Georgia  Forestry  Commission,  and  the  University  of  Georgia 
School  of  Forestry. 
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Large  Increase  in  Forest  Area  of  Georgia 

The  resurvey  of  Georgia  revealed  a  12-percent  increase  in  forest 
land  area  since  the  original  Forest  Survey  of  193ij--36.  This  increase 
amounted  to  2,62i<-,100  acres,  making  the  present  forest  area  of  the  State 
2^,056,600  acres.  Reversion  to  forest  was  greatest  on  the  idle  and  aban- 
doned farm  lands  of  the  Piedmont,  but  there  were  also  increases  in  the 
Coastal  Plain  and  mountain  areas.   One  important  use  for  this  new  forest 
area  estimate  will  be  to  provide  the  Georgia  Forestry  Commission  with  a 
reliable  and  up-to-date  base  for  computing  costs  of  fire  protection. 

Area  Forest  land  increase 

(Acres) 
Coastal  Plain  270,800 

Piedmont  2,086,100 

Mountains  267, 20Q 

State  2,62i+,100 

Timber  Supply  Declines  in  Central  Georgia 

Portable  sawmills  have  long  been  active  in  the  lower  Piedmont  of 
Georgia,  In  recent  years  this  area  also  has  provided  large  quantities 
of  pine  pulpwood  for  local  pulpmills.  The  trend  in  timber  supply  is  of 
direct  concern  to  these  industries,  as  some  have  large  investments  in 
permanent  plants.  Results  of  the  latest  timber  inventory  show  cause  for 
concern.   In  the  period  between  the  original  survey  of  1936  and  the  re- 
survey  of  1952,  sawtimber  volume  decreased  3I  percent  and  the  volume  of 
all  growing  stock  5»0  inches  d.b.h.  and  larger  decreased  1^+  percent. 
Comparable  decreases  for  pine  were  38  and  20  percent.  There  is  evidence 
that  the  supply  of  hardwood  timber  is  beginning  to  increase,  as  growth 
exceeded  drain  in  1952.  Pine  timber  was  still  being  overcut.   Inventory 
data  show  clearly,  however,  that  there  is  a  marked  increase  in  the  number 
of  young  pines.   If  the  downward  trend  in  the  supply  of  pine  timber  is  to 
be  reversed,  public  and  private  forestry  programs  must  provide  for  im- 
proved protection  and  management  of  these  young  stands. 

Mew  Forest  Statistics  for  Southeastern  North  Carolina 

The  resurvey  of  Southeastern  North  Carolina  (Survey  Unit  l)  com- 
pleted in  1953  provides  up-to-date  information  on  the  timber  supply  situa- 
tion. Since  1937^  when  the  original  survey  was  made,  there  has  been  a 
slight  decrease  in  forest  area.   Pine  forests  now  occupy  nearly  three - 
fourths  of  a  million  fewer  acres  than  in  1937,   There  is  better  stocking 
of  yo\ing  timber,  both  pine  and  hardwoods,  but  pine  trees  12  inches  in  dia- 
meter and  larger  have  decreased  in  nijmber.  Only  5  percent  of  the  commer- 
cial forest  land  is  well  stocked  with  sawtimber,  Simce  1937  the  voliome 
of  hardwood  sawtimber  increased  10  percent,  whereas  pine  sawtimber  decreased 
10  percent.  During  the  period  between  surveys  the  volume  of  timber  cut  has 
apparently  been  greater  than  at  present,  for  the  current  relationship  of 
growth  and  drain  leaves  a  margin  which  is  building  up  the  growing  stock. 
Whether  or  not  this  will  continue  will  depend  upon  the  future  demsuid  for 
wood  products  and  the  effectiveness  of  forest  management  practices  aimed 
at  increasing  the  supply  of  timber. 
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Unused  Slabs  and  Edgings  at  Small  Sawmills 

Recently  there  has  been  considerable  interest  in  the  possibilities 
of  pulping  sawmill  slabs  and  edgings.  As  a  result,  log  barkers  and  chip- 
pers  have  been  installed  at  a  number  of  lumber  plants.  However,  the  great 
bulk  of  slabs  and  edgings  is  produced  at  sawmills  too  small  to  justify  the 
installation  of  such  equipment.   The  fact  that  there  are  thousands  of 
little  mills  and  that  many  are  portables  is  a  further  complication.   Cur- 
rent investigations  in  a  typical  area  of  the  pine  roofer  belt  in  South 
Carolina  are  designed  to  shed  light  on  salvage  problems  at  small  sawmills. 

One  of  the  first  subjects  investigated  was  the  already  existing 
uses  for  slabs  and  edgings.  Before  gasoline  and  diesel  power  units  were 
introduced  in  the  Thirties,  a  considerable  quantity  was  burned  to  gener- 
ate steam  for  sawmills.  Now,  the  only  use  is  home  fuel.  With  the  exten- 
sion of  electricity  to  rural  areas  and  increased  use  of  oil  and  bottled 
gas  for  heating  and  cooking,  even  this  demand  has  declined  greatly.   In 
the  study  area,  only  27  percent  of  the  available  volume  is  actually  sold 
for  this  purpose.   The  price  of  uncut  slabs  at  the  mill  site  was  found  to 
average  only  $1  a  cord,  and  the  highest  price  noted  was  only  $3,  Fifty- 
four  percent  of  the  sawmill  residues  are  left  to  rot  on  the  ground.  How 
the  sawmill  operators  and  landowners  disposed  of  the  slabs  and  edgings  is 
shown  below: 

Percent 


By  the  sawmill  operators : 

Sold  as  fuel 

8.4 

Used  as  home  fuel 

2.k 

Given  away 

2,6 

By  the  landowners: 

Sold  as  fuel 

18.8 

Used  as  home  fuel 

11.5 

Given  away 

2.k 

Unused 

53.9 

Total  100,0 

Pulpwood  Prices  and  the  Value  of  the  Annual  Cut 

Rough  pine  pulpwood,  which  sold  for  $13.75  per  cord  f.o.b.  railroad 
car  in  most  sections  of  the  Southeast  during  1953>  averaged  only  $7.15  per 
cord  10  years  ago  in  19^3  and  only  $3*55  15  years  ago.  These  values  are 
from  a  price  series  covering  the  period  1938  to  1952  inclusive.   The  series 
was  prepared  from  reports  furnished  by  seven  representative  pulpmills  that 
purchase  about  half  the  pulpwood  currently  produced  in  the  region. 

In  1952  the  average  price  of  all  the  pine  pulpwood  purchased  (in- 
cluding railwood,  truckwood,  and  bargewood)  was  $13.90  per  cord.   Pine 
pulpwood  production  for  the  year  in  Virginia,  the  Carolinas,  Georgia,  and 
Florida  amounted  to  7  million  cords.   Therefore,  it  was  worth  $97,300,000. 
If  prices  elsewhere  in  the  South  were  similar,  the  total  harvest  of  pine 
had  a  value  of  $177,^+00,000.   Including  hardwoods,  the  South  produced  about 
$200,000,000  worth  of  pulpwood. 
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A  Method  of  Calculating  the  Effect  of  Log  Size  on  the 
Cost  of  Saving  Pine  Lumber 

It  has  been  estimated  that  15  to  25  percent  of  the  lumber  sawed 
at  small  sawmills  is  produced  from  marginal  or  submarginal  logs — logs 
that  yield  no  profit  to  the  lumbermaji  and  frequently  little  or  no  return 
to  the  landowner.  Operators  who  sell  their  lumber  on  a  green,  mill-run 
basis  are  most  likely  to  fall  into  this  uneconomic  practice.  This  happens 
because  they  receive  the  same  price  for  all  grades  and  sizes  of  lumber. 
What  they  overlook  is  that  their  output  and  sawing  costs  are  related  to 
log  size  even  though  the  value  of  their  lumber  is  not. 

The  results  of  a  time  study  in  the  South  Carolina  Piedmont  offer 
operators  of  mill-run  pine  sawmills  a  method  of  calculating  their  sawing 
cost  per  thousand  board  feet  for  logs  of  any  size.  By  comparing  the  cal- 
culated costs  with  the  price  of  lumber,  each  operator  can  determine  the 
marginal  size  of  log  for  his  mill  and  crew.  He  can  also  compare  logs  of 
various  diameters  and  lengths  as  to  the  profit  or  loss  involved  in  sawing 
them.  Results  of  the  study  will  be  published  in  195^« 


WATERSHED  MANAGEMENT 


Integration  of  Water  and  Timber  Management 

Recent  droughts  have  raised  anew  the  question  whether  summer  stream- 
flow  can  be  increased  through  watershed  management.   To  find  the  answer,  the 
Southeastern  Statuon  is  studying  changes  in  streamflow  brought  about  by  cut- 
ting vegetation,  defoliation  during  the  summer  months,  and  by  cheuaging  the 
composition  of  the  forest  stand.  A  special  review  of  experimental  results 
was  carried  out  during  1953  "to  summarize  what  has  been  found  out  on  experi- 
mental watersheds  at  the  Coweeta  Hydrologic  Laboratory. 

Results  to  date  show  that  cutting  of  old-growth  hardwood  stands  de- 
finitely increases  total  water  yields  as  summer  streamflow  under  the  high 
rainfall  conditions  of  the  Southern  Appalachian  Mountains.   In  the  applica- 
tion of  this  fact,  however,  it  is  the  amount  and  duration  of  favorable  ef- 
fects that  become  of  practical  interest. 

In  experiments  conducted  at  the  Coweeta  Hydrologic  Laboratory  the 
largest  sustained  increase  in  water  yield  was  measured  where  all  tree  and 
other  woody  vegetation  was  cut,  and  where  subsequent  sprouts  were  cut  back 
each  year  in  midsummer.   In  this  case,  streamflow  was  increased  the  first 
year  by  an  amount  equal  to  a  volume  of  water  17  inches  deep  over  the  entire 
watershed.  Since  the  original  cut,  the  major  woody  sprouts  have  been  cut 
back,  but  there  are  now  herbaceous  plant  species,  low  briars,  and  vines  in- 
vading the  watershed.  This  invasion  has  changed  the  increase  in  streamflow 
from  the  original  17  area-inches  for  the  first  year  after  cutting  to  only 
9  inches  increase  12  years  later.  This  was  primarily  an  orientation  study  to 
establish  the  maximum  effects  on  water  yield  that  can  be  obtained  through  cut- 
ting an  old-growth  hardwood  forest.  For  applied  watershed  management  it 
would  not  be  necessary  or  practical  to  aim  at  such  large  increases.   Increases 
of  only  a  few  inches  during  the  late  summer  and  fall  would  be  of  tremendous 
value  during  drought  years. 
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On  another  similar  watershed  all  woody  vegetation  was  also  cut  to 
begin  with,  but  then  the  forest  was  allowed  to  grow  back  naturally.  The 
first  year  after  cutting,  streamflow  increases  were  comparable  to  those 
mentioned  above,  but  this  favorable  yield  diminished  rapidly  for  the  first 
3  years,  after  which  the  decline  was  more  gradual.  The  annual  increase  in 
yield  for  the  3-year-old  coppice  forest  was  10.7  inches;  after  7  years  re- 
growth  8.1  inches;  and  at  12  years  i4-.9  inches. 

On  still  another  watershed  where  only  the  laurel  and  rhododendron 
understory  was  cut  from  an  old-growth  hardwood  stand,  the  average  increase 
in  water  yield  for  the  first  2  years  was  3.6  inches.  The  third  year  it 
was  2,k   inches  and  for  the  i^-th  year  only  1  inch.  During  the  5th  year  any 
increase  over  the  precutting  period  was  insignificant,  probably  not  be- 
cause of  regrowth  of  the  understory,  which  was  slow,  but  rather  because  of 
expansion  of  the  roots  of  trees  to  use  the  available  water. 

Cutting  a  strip  along  the  water  course  also  produced  significant 
gains  in  streamflow  during  the  summer  months  only.  On  one  20-acre  water- 
shed where  a  narrow  strip  was  cut  along  the  stream  (fig.  13) ^  increases  in 


Figure  13. — An  experimental  watershed  from  which  streambank  vegetation  was  cut  to  see 
whether  flow  would  be  increased  and  if  so  how  much  and  how  long. 
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water  yield  were  3^5  to  475  cubic  feet  per  day  during  the  growing  season 
of  the  first  year.  For  the  same  period  in  the  second  year  following  cut- 
ting, average  daily  gains  were  from  135  to  300  cubic  feet.  By  the  third 
year  sprout  vegetation  had  become  well  established  and  no  further  Increases 
were  detected. 

The  above  four  experiments  give  some  idea  of  the  magnitude  and  dura- 
tion of  increases  in  streamflow  obtained  by  cutting  forest  vegetation  in 
the  high  rainfall  area  of  the  Southern  Appalachian  Mountains.   It  does  not 
follow  that  the  similar  results  would  be  obtained  under  different  soil  and 
climatic  conditions.  These  results  serve  only  as  a  guide  to  streamflow 
increases  obtained  through  cutting  in  mountain  hardwoods. 

For  small  industrial  or  municipal  watersheds  where  current  require- 
ments exceed  the  streamflow  by  relatively  small  margins  and  for  short  periods 
of  time  during  the  summer  months,  watershed  management  involving  control  of 
vegetation  by  cutting  merits  careful  consideration  as  a  feasible  alternative 
to  expensive  reservoir  installations.  Where  no  suitable  reservoir  sites  are 
available,  watershed  management  practices  are  the  only  procedures  available. 
As  already  mentioned,  even  a  small  increase  in  streamflow  can  be  quite  im- 
portant. For  example,  one  area- inch  increase  of  water  from  one  square  mile 
is  equivalent  to  18,424,000  gallons.  This  would  supply  a  population  of 
5000  for  more  than  3^  days  with  100  gallons  per  capita  per  day. 

The  cutting  of  forest  vegetation  specifically  to  increase  water  yields 
may  be  costly.  Other  means  of  reducing  the  vegetation  such  as  the  use  of 
silvicides,  gas,  and  sprays  are  being  tried.  Doubtless  the  most  feasible 
approach  is  to  reduce  the  stand  density  by  harvesting  wood  products  in  such 
a  way  that  water  yields  are  increased  at  times  when  shortages  are  most  likely 
to  occur. 

For  the  present,  the  important  step  is  to  include  a  consideration  of 
water  resources  in  all  forest  management  plans.  The  logical  step  is  to  in- 
tegrate what  has  been  learned  about  the  general  effects  of  cutting  on  stream- 
flow  with  practical  silvicultural  systems  for  managing  specific  forest  stands. 
Also,  the  time  of  year  when  harvest  cuttings  are  made  is  an  important  con- 
sideration, so  that  periodic  cuttings  will  be  most  beneficial  to  summer 
streamflow. 

Although  cutting  increases  streamflow,  experiments  so  far  indicate 
that  the  soil  profile  under  a  forest  cover  is  particularly  effective  in  the 
control  of  storm  water  and  the  storage  of  ground  water.  The  conclusion  is 
that  a  managed  forest  constitues  the  most  favorable  type  of  watershed  cover, 
providing  cutting  practices  are  aimed  at  maintaining  a  suitable  stand  density 

The  Station  is  now  preparing  a  report  of  20  years '  results  of  water- 
shed management  experiments  on  the  Coweeta  Hydrologic  Laboratory,  to  be  com- 
pleted in  1954. 

Future  Watershed  Experiments  Recommended 

During  1953  a  special  program  conference  was  held  for  the  purpose  of 
discussing  plans  for  future  watershed  experiments.   The  conference  was  at- 
tended by  representatives  of  both  the  Administrative  and  Research  branches 
of  the  Forest  Service.  The  general  recommendations  included  the  following 
points : 
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(1)  Present  studies  should  be  expanded  to  include  further  tests 
of  methods  for  managing  commercial  timber  stands  to  insure  favorable 
water  yields  and  at  the  same  time  provide  reasonable  returns  from  forest 
products. 

(2)  Additional  studies  are  required  to  compare  the  relative  effec- 
tiveness of  well  maintained  grass  sod  with  forest  cover  for  watershed  pro- 
tection. Similarly,  a  comparison  is  needed  of  hardwood  forest  and  a  pure 
stand  of  conifers, 

(3)  On  experimental  watersheds  that  now  exhibit  serious  deteriora- 
tion of  water  resources  due  to  unfavorable  land-use  practices,  the  rate  of 
recovery  of  soil  and  water  resources  brought  about  by  recommended  improved 
practices  should  be  observed. 

Information  and  Education  Activities 

A  large  portion  of  staff  time  during  the  year  was  taken  up  by  visi- 
tors at  the  Coweeta  Hydrologic  Laboratory.  Seventy-five  tours  of  the  area 
were  arranged  for  86^  visitors.  One  hundred  foreign  technicians  came  from 
20  different  countries,  some  spending  from  1  to  2  weeks.  There  are  also 
six  university  graduate  students  affiliated  with  the  Coweeta  Laboratory  in 
the  preparation  of  thesis  material.   In  addition,  the  staff  was  called  upon 
to  conduct  three  training  sessions  of  several  days  each  for  in-service  per- 
sonnel.  Talks  before  technical  organizations  and  civic  clubs  required  con- 
siderable overtime,  and  operation  of  the  basic  research  program  was  curtailed 
by  these  demands  on  the  time  of  the  technical  staff. 

Improvement  of  Piedmont  Forest  Soils 

At  the  Calhoun  Experimental  Forest  in  South  Carolina,  an  entirely 
different  approach  is  being  made  to  watershed  management.  Here  the  pro- 
blem is  one  of  rehabilitation  of  the  degraded  and  abandoned  cotton  lands 
of  the  southeastern  Piedmont.  Studies  are  under  way  on  present  soil  problems 
and  to  develop  management  programs  for  soil  improvement.   These  studies  are 
directed  toward  finding  out  how  to  increase  infiltration  and  storage  of 
water  in  the  soil  by  improving  the  soil  structure.  During  1953,  results  have 
been  obtained  on  the  comparai ive  effects  of  litter  from  different  plant 
species  on  a  basis  of  rate  of  decomposition  and  incorporation  of  these  or- 
ganic materials  and  plant  nutrients  into  the  soil  profile. 

Pure  pine  litter  was  resistant  to  decay  euad  only  slightly  attacked 
by  insects.   Pine  litter  tends  to  accumulate  at  the  surface  because  the  type 
of  biological  activity  under  pure  pine  does  not  result  in  incorporation  of 
the  litter  into  the  mineral  soil.  On  the  other  hand,  litter  from  hickory 
and  yellow-poplar  is  subject  to  rapid  decomposition  and  incorporation  as 
organic  matter  into  the  mineral  soil. 

In  mixed  pine-hardwood  stands  where  the  hardwood  species  consist  of 
redbud,  dogwood,  maple,  yellow -poplar,  and  hickory,  the  litter  decomposes 
rapidly  and  is  easily  incorporated  into  the  mineral  soil. 

The  relative  rates  and  ease  of  decomposition  of  the  surface  organic 
layers  are  substantiated  by  measurements  of  the  organic  matter  content  of 
the  mineral  soil.   The  quantity  of  organic  matter  in  the  surface  foot  of 

-  33  - 


mineral  soil  under  the  pine  stands  studied  averaged  31,770  lbs.,  iinder 
pine -hardwoods  53,353  Ihs.,  and  under  all  hardwoods  65,573  lbs.  Since 
nitrogen  in  the  soil  is  closely  correlated  with  organic  matter  content, 
the  same  relative  relationship  holds  for  nitrogen  as  for  organic  matter. 

The  type  of  humus  layer  present  is  also  useful  in  describing  the 
hydrologic  characteristics  of  forest  soil.   Soils  where  organic  material 
has  been  incorporated  have  greater  porosity,  can  store  more  water,  and 
transmit  it  more  rapidly  than  bare  soils  where  incorporation  has  not 
taken  place. 

The  nature  of  incorporation  of  organic  material  into  the  forest 
soil  has  a  direct  relation  to  the  use  of  prescribed  burning  in  the  Pied- 
mont,  It  was  also  found  that  the  nature  of  the  surface  organic  layers 
will  influence  the  intensity  of  the  fire.   Loose  pine  needles  are  more 
easily  consumed  than  a  compact  layer  of  hardwood  leaves.  Removal  of  the 
forest  floor  by  fire  is  least  serious  where  organic  material  has  been 
incorporated  into  the  soil  because  the  properties  of  the  mineral  soil  are 
such  that  they  can  absorb  and  transmit  water  even  when  exposed.  Also,  less 
of  the  nutrient  capital  is  destroyed  by  fire  on  sites  where  much  of  the 
litter  is  currently  taken  into  the  mineral  soil  and  does  not  acciomulate  at 
the  surface.  When  fire  consumes  the  litter  layers,  the  elements  are  either 
volatilized  or  left  in  the  ash,  in  which  form  they  are  susceptible  to  leach- 
ing and  washing  away.   If  they  are  lost  to  the  site  after  a  fire,  the  effect 
on  the  fertility  will  be  most  pronounced  where  the  reserve  of  such  material 
in  the  mineral  soil  is  least. 

Thus  it  has  been  shown  that  the  organic  layers  of  forest  soils  are  a 
valuable  diagnostic  tool  for  timber  and  watershed  management.  They  can  be 
changed  by  modifications  of  the  vegetation  on  the  site.  Studies  to  date 
show  that  where  Piedmont  forest  soil  needs  improving,  steps  should  be  taken 
to  manage  the  stands  so  that  some  rapidly  decomposable  hardwood  litter  will 
be  incorporated.  Such  conclusions  may  serve  as  a  brake  on  the  enthusiasm 
of  foresters  who  advocate  pure  pine  stands  on  eroded  Piedmont  farmlands. 


FIRE  RESEARCH 

New  Danger  Meter  Developed 

A  new  fire  danger  meter,  type  8  (fig.  l4),  developed  largely  by  J.  J. 
Keetch,  Region  7  cooperator,  has  been  designed  to  replace  type  5  used  by 
fire  control  agencies  throughout  the  Northeast.  The  latter  type  has  served 
many  useful  purposes  in  measuring  daily  danger  in  fire  prevention,  as  a 
guide  to  woods  closure,  in  comparing  seasons  and  field  units,  and  in  organiz- 
ing for  presuppression  and  control.  However,  as  greater  familiarity  was 
gained  by  field  men  in  these  many  uses,  the  need  for  greater  precision  in 
measuring  danger  became  apparent. 

Because  a  large  volume  of  accurate  records  was  available  for  analysis 
as  a  result  of  long  cooperation  with  the  northeastern  states,  it  was  possible 
to  devise  a  meter  that  retained  the  basic  principles  of  the  type  5  meter  but 
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Figure  1*4-. — Type  8  danger  meters  were  adopted  by  all  fire  control  agencies  in  the  northeast 
January  1,  195'+.  The  new  meter  gives  a  better  estimate  of  daily  burning  index 
and  fire  danger  build-up. 
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which  had  several  new  features.  For  example,  "by  replacing  the  discs 
showing  days  since  rain  and  last  rain,  inches  with  a  disc  showing  build- 
up index,  greater  accuracy  is  obtained  during  extended  rainless  periods. 
Also,  the  transition  period  in  condition  of  lesser  vegetation  has  been 
expanded  into  three  classes.  This  makes  the  change  from  one  condition 
to  another  less  abrupt  and  more  consistent  with  actual  field  conditions. 

The  build-up  index  is  a  notable  improvement  because  it  indicates 
the  progressive  drying  of  the  lower  fuels,  which  fuel  moisture  sticks 
are  unable  to  do.  By  cumulating  daily  "build-up  factors,"  an  increase 
or  decrease  in  the  severity  of  conditions  during  a  critical  period  is 
readily  apparent.  To  some  extent  the  index  is  also  a  measure  of  resist- 
ance to  control  in  that  as  the  100  point  is  approached  fires  become  pro- 
gressively more  difficult  to  hold  because  of  breakovers.  Deeper  lines 
must  be  cut  and  more  caution  used  lest  smouldering  material  burn  under 
control  lines.  Mop-up  also  becomes  increasingly  more  difficult, 

"Blow-up"  Fires 

Good  progress  was  made  during  1953  in  the  study  of  the  exceptional 
class  of  fires  often  described  as  "blow-up"  fires.   This  descriptive  term 
clearly  implies  the  idea  of  suddenness  and  to  some  extent  the  idea  of  im- 
expectedness,  from  the  standpoint  of  the  potential  danger  of  these  erratic 
fires  to  suppression  crews. 

The  problem  of  extreme  fire  behavior  is  complicated  by  a  large  num- 
ber of  variables  such  as  fuels,  stand  type,  and  topography.   It  is  made 
more  complex  by  the  less  known  atmospheric  variables  and  their  interactions. 
Its  nature  can  be  illustrated  best  by  listing  what  we  now  know  of  both  the 
consistent  and  inconsistent  features  of  fire  behavior: 

1.  Most  severe  fires  and  a  considerable  number  of  blow-ups  occur  during 
the  middle  of  the  afternoon  on  sunny  days.  On  such  days  the  atmos- 
phere is  often  turbulent  and  unstable  to  a  height  of  several  thousand 
feet.  However,  some  of  the  worst  forest  conflagrations  in  the  United 
States  have  either  occurred  at  night  or  reached  the  peak  of  their  in- 
tensity at  night  (usually  between  sundown  and  midnight).  At  this  time 
the  lower  layers  of  the  atmosphere  (up  to  500  feet  or  more)  are  usually 
stable, 

2.  Some  of  the  worst  western  fires  in  the  past  15  years  have  been  in  rough 
country,  which  indicates  that  topography  is  a  dominating  factor.  On 
the  other  hand,  there  have  been  conflagrations  such  as  those  that  oc- 
curred many  years  ago  in  the  Lake  States,  which  burned  in  nearly  flat 
or  rolling  country.  Some  of  these  conflagrations  have  been  compared 

to  "tornadoes  of  fire." 

3.  An  intense  fire  may  occasionally  spread  rapidly  across  slope  or  down- 
slope  at  night  in  the  general  direction  of  the  cool  downslope  winds. 
Yet  this  same  rapid  downslope  spread  may  happen  in  the  middle  of  the 
afternoon  when  surface  winds,  if  any,  would  be  upslope.   The  Brass - 
town  fire  of  March  30,  1953  in  South  Carolina  traveled  across  drainages 
(upslope  and  downslope)  as  though  they  did  not  exist. 
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k.        Instability  in  the  atmosphere  seems  to  be  closely  related  to  extreme 
fire  behavior;  yet  on  a  large  proportion  of  warm,  sunny  days  the  at- 
mosphere is  unstable.  Fires  do  not  always  build  up  to  extreme  in- 
tensity on  such  days. 

5.  Many  intense  fires  have  been  accompanied  by  high  winds;  but  some  of 
the  most  dangerous  and  erratic  fires  have  burned  when  the  wind  speed 
was  not  especially  high. 

6.  High  temperatures  and  low  relative  humidity  accompany  a  large  propor- 
tion of  severe  fires,  but  some  of  the  most  intense  and  rapid  spreading 
fires  burn  when  the  temperature  is  low  and  falling.   The  fires  In  the 
Southeast  in  the  fall  of  1952  are  examples. 

7.  Prolonged  periods  of  drought  and  dry  weather  show  a  strong  correlation 
with  intense  hot  fires,  but  the  Brasstown  fire  burned  only  a  week  after 
nearly  two  inches  of  rain  had  fallen  on  ground  well  charged  with  winter 
rainfall. 

8.  The  amount  of  fuel  available  to  a  fire  is  an  important  factor  in  its 
behavior.  At  times  the  effect  on  fire  intensity  of  an  increase  in 
quantity  of  fuel  appears  to  be  considerably  greater  than  would  be  ex- 
pected from  the  actual  fuel  increase  itself. 

9.  Arrangement  as  well  as  quantity  of  fuel  is  important.  Extreme  fire 
behavior  seems  most  likely  to  occur  in  dense  conifer  stands.   Intense 
fires  also  build  up  in  stands  of  evergreen  brush,  and  can  readily  cross 
swamps  if  the  brush  is  dense  enough, 

10.  On  those  fires  most  likely  to  be  designated  as  blow-ups  (owing  to  the 
sudden  and  often  unexpected  builri-up  of  turbulent  energy),  there  is  an 
obvious  and  well  developed  convection  column  which  may  extend  high  in 
the  atmosphere. 

11.  Large  fires  exhibiting  extreme  behavior  have  been  known  to  put  up  con- 
vection columns  to  a  height  of  25,000  feet  or  more.  Since  70  percent 
of  the  total  mass  of  air  is  below  the  tops  of  such  convection  columns, 
these  fires  have  literally  "pierced  the  atmosphere."  They  are  volume 
phenomena  and  have  storm  characteristics  like  certain  other  distur- 
bances in  the  atmosphere.   This  in  part  seems  to  explain  why  they  do 
not  conform  to  the  "rules"  of  fire  behavior.  These  "rules"  are  based 
on  the  far  more  frequent  ordinary  fire,  which  is  pretty  much  a  surface 
phenomenon. 

The  preceding  statements  illustrate  the  baffling  nature  of  the  ex- 
ceptional fire  that  does  not  conform  to  the  accepted  principles  of  fire 
behavior.  They  also  show  the  magnitude  of  the  requirements  that  an  effec- 
tive solution  of  the  problem  must  meet.  However,  the  problem  may  not  be 
as  difficult  as  it  appears.  Our  work  thus  far  indicates  that  those  factors 
which  determine  the  rate  at  which  a  fire  produces  kinetic  or  turbulent  energy 
may  be  the  elements  needed  for  an  overall  solution.  These  factors  are  sta- 
bility conditions  in  the  atmosphere,  wind  speed,  wind  shear,  and  available 
fuel  for  the  fire. 
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The  thermodynamic  method,  mentioned  in  last  year's  annual  report, 
still  appears  to  be  one  of  the  most  effective  tools  in  the  study  of  the 
exceptional  fire. 


FOREST  UTILIZATION  SERVICE 


Cooperative  effort  was  the  guiding  motive  of  the  Forest  Utilization 
Service  in  1953*  Cooperation  with  the  states,  with  other  government  agen- 
cies, with  industry,  and  with  individuals  keynoted  practically  every  accom- 
plishment during  the  past  year. 

An  outstanding  example  was  the  launching  of  the  Hickory  Task  Force 
at  Clemson,  South  Carolina,  in  April.  About  55  representatives  of  govern- 
ment, states,  universities,  and  industry  met  to  organize  eight  subject- 
matter  committees  and  to  lay  the  groundwork  for  a  3-year  program  involving 
research  and  report  preparation.  An  August  meeting  of  the  Executive  Com- 
mittee crystallized  the  plans  and  started  work.  Already,  more  hickory  is 
being  used  although  the  first  report  has  not  been  published. 

Cooperation  with  the  North  Carolina  Department  of  Conservation  and 
Development  started  with  a  compilation  of  information  to  attract  new  wood- 
using  industries  and  continued  with  a  cooperatively  financed  study  to  as- 
certain the  quantity,  quality,  and  location  of  the  various  types  of  wood 
residue  from  primary  wood-using  industries  in  North  Carolina.  This  study 
will  be  completed  and  published  by  the  State  in  195^. 

The  Increasing  scarcity  of  high-quality  timber  favors  the  develop- 
ment and  use  of  log  and  tree  grades.   In  1953  the  Forest  Utilization  Service 
conducted  courses  in  pine  and  hardwood  log  grading  for  the  Florida  Forest 
Service  and  the  Appalachian  Lumbermens  Club.   In  cooperation  with  the  latter, 
field  studies  demonstrated  the  Forest  Products  Laboratory  hardwood  log  grades, 
utilizing  a  log  grading  stick  developed  by  Englerth  and  Ostrander.  Also, 
analyses  were  made  of  data  collected  by  a  l\amber  company  in  applying  the 
southern  pine  log  grades. 

Working  with  North  Carolina,  South  Carolina,  and  Georgia  State  forestry 
personnel,  the  Utilization  Service  conducted  eight  short  coursps  in  sawmilling. 
These  were  supplemented  by  numerous  on-the-ground  visits  to  small  sawmills  to 
assist  in  milling  and  seasoning  problems. 

In  cooperation  with  the  School  of  Forestry  at  North  Carolina  State 
College,  an  8-day  dry-ki'ln  course  was  conducted,  with  Forest  Products  Labora- 
tory assistance.  Also,  a  2-day  review  of  the  dry-kiln  course  was  given  to 
members  of  the  Southeastern  Dry  Kiln  Club,  at  Raleigh,  North  Carolina.   The 
Forest  Utilization  Service  and  Tennessee  Valley  Authority  also  helped  small 
industries  in  the  mountains  in  developing  plans  for  dry  kilns. 

'  The  Forest  Utilization  Service  personnel  helped  in  the  work  of  the  Wood 
Preservation  Coordinating  Council,  an  organization  of  southern  schools  inter- 
ested in  wood  preservation  research.  This  organization  was  started  in  19i<-6 
by  the  Tennessee  Valley  Authority  and  has  tak:en  a  leading  role  in  preserva- 
tive research  in  the  Southeast.   In  addition,  the  Forest  Utilization  Service 
conducted  a  short  course  in  wood  preservation  for  South  Carolina  forestry 
personnel. 
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With  the  assitance  of  the  Forest  Products  Laboratory,  the  Southern 
Weighing  and  Inspection  Bureau,  and  the  Southern  Furniture  Manufacturers 
Association,  a  survey  of  furniture  packaging  methods  was  made  at  20  plants 
in  Virginia  and  North  Carolina. 

The  Southwestern  Forest  Experiment  Station  and  a  Virginia  company 
making  cedar  chests  cooperated  with  us  in  preparing  a  report  on  the  slicing 
of  Utah  and  alligator  juniper  veneer,  which  may  lead  to  new  industrial  pos- 
sibilities in  the  Southwest. 

Six  new  automatic  wood-burning  furnaces  for  tobacco  barns  were  con- 
structed on  farms  in  North  and  South  Carolina,  and  although  two  burned  down 
because  of  improper  construction,  the  others  performed  satisfactorily.  As- 
sitance to  the  owners  of  these  installations  resulted  in  Improved  techniques 
in  construction  and  operation  of  the  furnaces.  A  blower  was  installed  on  a 
sawdust  burner  used  for  curing  tobacco,  and  it  functioned  exceedingly  well 
for  sever 1  cures. 

A  conference  on  the  use  of  wood  waste  as  a  soil  conditioner  was  ar- 
ranged and  was  attended  by  Forest  Service  and  other  government  personnel 
in  Washington.  Arrangements  were  made  to  discuss  this  problem  with  Soil 
Research  Committees  over  the  entire  country,  to  encourage  needed  research 
at  State  Agricultural  Experiment  Stations, 

In  cooperating  with  the  over -all  program  of  the  Experiment  Station, 
the  Forest  Utilization  Service  assisted  the  Timber  Resource  Review  in  a 
survey  of  wood  residue  in  the  woods  and  at  sawmills  over  the  entire  South- 
east. Work  was  done  with  the  Tidewater  Research  Center  on  an   analysis  of 
wood  utilization  problems  in  that  area.   The  Forest  Utilization  Service 
assisted  in  a  general  inspection  of  the  Lake  City  Research  Center.  Per- 
sonal attention  was  given  to  l6  foreign  visitors  interested  in  southeastern 
wood  utilization  problems;  these  and  other  visitors  were  conducted  through 
the  territory  for  specific  studies,  informational  trips,  or  inspections. 
Program  contributions  were  made  at  Forest  Products  Research  Society  meetings, 
county  agent  meetings,  and  others.  More  than  200  inquiries  for  information 
were  handled  by  letter,  telephone,  and  personal  contact.  And  new  problems 
were  uncovered  which  led  to  more  research,  in  accordance  with  the  liaison 
functions  of  the  Forest  Utilization  Service. 


FOREST  RANGE 


Determining  the  value  of  forest  forage  and  how  grazing  can  be  effi- 
ciently integrated  with  timber  production  are  the  main  objectives  of  the 
Station's  range  research. 

Research  has  shown  that  grazing  in  the  southern  mountain  forests 
damages  both  land  and  trees,  and  seldom  pays.  To  a  certain  degree  the  same 
holds  true  for  forest  grazing  in  the  highly  erodable  Piedmont.  But  on  the 
wide  belt  of  Coastal  Plain  pine  land  extending  from  Virginia  through  the 
Carolinas,  lower  Georgia,  Florida  and  Alabama,  conditions  are  quite  differ- 
ent. Here,  forest  lands  are  relatively  level  and  sandy  or  swampy.  Forage 
production  is  greater  and  the  valuable  pines  are  not  palatable  to  cattle, 
which  have  ranged  these  forests  since  the  time  of  the  Spaniards.  Today, 
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cattle  numbers  in  the  Southeast  are  increasing  faster  than  in  any  other 
region  of  the  United  States.  The  average  Coastal  Plain  forest  owner  is 
concerned  primarily  with  growing  timber,  but  he  is  also  interested  in  the 
possibilities  of  added  income  and  fire  protection  from  grazing — particu- 
larly when  the  forest  stands  are  understocked,  as  many  of  them  are. 

For  these  reasons,  the  Station's  forest  grazing  research  is  con- 
fined to  the  Coastal  Plain.  Studies  have  been  restricted  to  pine  types 
where  abimdant  herbage  and  minimum  erosion  offer  the  greatest  possibili- 
ties for  successful  integration  of  cattle  raising  and  timber  production. 
Within  the  pine  types,  research  has  been  concentrated  on  the  two  outstand- 
ing forage  types  of  the  region,  switch  cane  and  wiregrass.   Cane  is  the 
most  productive  and  nutritious  type;  wiregrass  is  the  most  extensive. 

Studies  in  the  cane  type  are  being  conducted  in  the  territory  of  the 
Tidewater  Research  Center  in  eastern  North  Carolina.  Work  Centers  are  at 
the  Frying  Pan  Experimental  Forest  Range  in  Tyrrell  County,  and  at  the 
North  Carolina  Tidewater  Test  Farm  in  Washington  County.  Wiregrass  research 
is  centered  at  the  Cordele-Tifton  Research  Center  in  south  Georgia,  with 
principal  grazing  studies  at  the  Alapaha  Experimental  Range  in  Berrien  Coxmty, 

All  of  the  Station's  range  research  has  been  conducted  cooperatively 
with  other  federal  bureaus  (BAI  and  BPISAE)  and  with  state  agencies.  North 
Carolina  State  College  and  Agricultural  Experiment  Station,  and  North  Caro- 
lina Department  of  Agriculture  have  cooperated  in  studies  involving  the 
cane  type.  Georgia  Coastal  Plain  Experiment  Station  cooperates  in  studies 
of  wiregrass  range  in  south  Georgia. 

Additional  range  research  was  started  this  year  in  southern  Florida 
as  a  result  of  special  appropriations  by  the  Florida  legislature,  ajid  con- 
tributions from  the  Collier  Company  and  the  Atlantic  Land  and  Improvement 
Company.  Past  use  of  forest  land  in  southern  Florida  has  emphasized  graz- 
ing at  the  expense  of  timber  production.  As  a  result,  many  forest  stands 
have  been  eliminated,  and  remaining  stands  are  poorly  stocked  with  trees. 
Some  people  in  this  area  believe  that  grazing  is  more  profitable  than  timber- 
growing,  whereas  others  hold  the  opposite  view.  Still  others  maintain  that 
cattle  and  timber  production  should  be  combined  for  greatest  total  income. 
Range  and  forest  management  research  are  working  together  to  determine  best 
uses  and  practices  for  maximum  returns. 


CANE  RANGE 

The  cane  forage  type  is  most  often  associated  with  pond  pine  in  areas 
burned  periodically  throughout  the  past.   It  also  occurs  with  lowland  hard- 
woods and  with  loblolly  pine  on  moist  sites.  Cane  sites  are  usually  wet 
much  of  the  year,  but  during  occasional  droughts  fire  hazards  are  extreme 
because  of  the  density  and  height  of  the  cane  and  associated  shrubs.  Forage 
values  are  also  high.  Consequently,  grazing  in  this  type  can  be  profitable 
and  at  the  same  time  beneficial  to  the  forest. 
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Progress  In  Cane  Management 

From  early  colonial  times  cane  has  been  recognized  as  one  of  the 
"best  types  of  native  forage  in  the  Southeast,  but  its  growth  requirements 
have  not  been  well  understood.  Flowering  and  seed  production  are  unpre- 
dictable— occurring  after  an  indefinite  period  of  years  or  decades. 
Furthermore,  natural  seedling  establishment  apparently  is  rare — the  only 
published  record  of  its  occurrence,  so  far  as  we  know,  was  from  our  North 
Carolina  studies.  Once  eliminated,  the  chances  for  natural  re-establish- 
ment of  cane  stands  seem  remote.  Therefore,  present  stands  of  this  valu- 
able forage  warrant  proper  management. 

Previous  experience  had  shown  that  cane  is  readily  weakened  and 
killed  by  overgrazing,  but  until  published  Lhis  year,  specific  guides  to 
proper  grazing  were  not  available.  Studies  have  shown  that  at  least  kO 
to  ^5  percent  of  the  foliage  must  be  left  unutilized  at  the  end  of  the 
grazing  season  if  cane  vigor  is  to  be  maintained  under  continuous  summer 
grazing.  With  continuous  grazing,  however,  local  overgrazing  auad  range 
deterioration  is  difficult  to  avoid.  Current  results  indicate  vigor  is 
more  easily  maintained  with  rotational  grazing. 

Cane  Range  is  Highly  Productive 

An  example  of  very  profitable  forest  grazing  from  cane  range  in 
eastern  North  Carolina  is  shown  in  results  published  in  1953*  Annual  beef 
gains  averaged  111  pounds  per  acre  (for  a  7-nionth  season)  under  the  optimum 
grazing  rate  for  sustained  forage  production.   Cows  subsisted  entirely  on 
native  forage  three -fourths  of  the  year,  and  produced  80-90  percent  calf 
crops  with  calves  weighing  370-^00  pounds  at  weaning  time.  As  an  additional 
grazing  benefit,  total  fuel  was  reduced  70  percent  (from  l4  to  k   tons  per 
acre)  by  heavy  grazing,  and  almost  50  percent  by  moderate  grazing.  These 
results  obtained  on  non-stocked  forest  land  suggest  possibilities  for  im- 
mediate returns  from  such  land  while  a  forest  is  being  re-established,  and 
also  for  reducing  the  critical  fire  hazard  which  previously  has  discouraged 
reforestation  in  this  area.  These  cattle  returns,  however,  were  better  than 
average  and  required  proper  management  of  both  range  and  cattle. 

Cane  Response  to  Fire 

Interest  in  silvicultural  applications  of  fire  in  forest  types  asso- 
ciated with  cane  is  increasing.   In  fact,  burning  has  been  found  essential 
for  adequate  regeneration  of  pond  pine.  How  burning  affects  the  cane  stand 
is  now  being  studied.  Previous  information  showed  that  frequent  burning 
decreased  forage  production.  On  the  other  hand,  observations  indicate  that 
after  about  10  years  of  fire  protection  cane  stands  get  taller  but  tend  to 
thin  out  and  become  less  productive.   In  such  cases  winter  burning  will 
greatly  increase  the  number  of  stems  and  decrease  their  height,  but  forage 
yields  will  be  increased  only  if  the  cane  is  vigorous.  Where  cane  had  been 
weakened  by  previous  heavy  grazing,  yields  were  further  reduced  by  burning. 
How  burning  affects  chemical  composition  and  digestibility  of  the  forage 
will  also  be  determined  in  cooperative  studies  now  under  way.  Experience 
obtained  during  the  burning  operation  indicated  that  fire  could  be  handled 
satisfactorily  in  the  cane  type  at  a  burning  index  of  10  (meter  type  5-W), 
but  under  more  severe  conditions  cane  fires  were  very  hot  and  explosive. 
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Grazed  Firebreaks  for  Wet  Sites 

During  occasional  droughts,  fire  hazard  in  cane  and  pond  pine  sites 
is  extremely  high  and  fires  are  difficult  and  dangerous  to  combat.   In  these 
extensive  roadless  areas,  the  cane  and  brush  are  often  head  high  and  very 
dense.  Soft  spots,  stumps,  and  down  timber  make  travel  even  in  jeeps  im- 
possible. Conditions  are  so  difficult  that  when  fire  plows  are  sent  it, 
two  cats  usually  go  together  so  that  one  can  haul  the  other  out.  Thus, 
fire  control  would  be  greatly  facilitated  by  wide  firebreaks  and  emergency 
access  roads.  Recently  completed  research  indicates  that  grazed  pasture 
strips  can  serve  these  purposes,  and  that  income  from  cattle  can  thus  help 
defray  the  costs  of  fire  protection.  On  poorly  drained  sites,  side  ditch- 
ing and  slight  crowning  of  the  strips  were  found  necessary  to  prevent  the 
loss  of  the  pasture  stand  from  flooding.  Several  types  of  commonly  avail- 
able equipment  are  suitable  for  constructing  such  firebreaks.  Common  pas- 
ture species  such  as  ladino  and  white  clover,  big  trefoil,  tall  fescue  and 
orchardgrass  proved  to  be  sufficiently  fire  resistant  for  this  purpose. 
Aside  from  the  selection  of  suitable  species,  the  keys  to  a  successful  fire- 
break appear  to  be  good  seedbed  preparation  and  adequate  fertilization  to 
insiire  prompt  establishment  of  a  pasture  sod  capable  of  controlling  weed 
invasion. 


WIREGRASS  RAUGE 

The  term  "wiregrass"  is  commonly  applied  collectively  to  the  grasses 
occurring  in  the  longleaf -slash  pine  forest  type.   It  is  the  most  important 
type  of  forest  range  in  the  Southeast  from  the  viewpoint  of  acreage  and 
cattle  numbers. 

Wiregrass  Range  Has  Limitations 

The  value  and  limitations  of  wiregrass  range  are  indicated  by  results 
of  grazing  studies  published  in  1953  as  USDA  Circular  No,  928.  The  nutri- 
tive value  of  this  native  forage  is  very  low,  especially  in  fall  and  winter. 
Burning  increases  forage  quality  and  cattle  gains  during  the  spring  and 
early  simmer,  and  is  essential  for  efficient  utilization  of  this  type  of 
range.  But  even  with  burning,  the  nutritional  level  is  not  high  enough  for 
most  cows  to  breed  successfully  while  nursing  a  calf.  Consequently,  one 
calf  in  2  years  is  the  rule,  with  calves  weighing  approximately  280  pounds 
at  7  "to  8  months  of  age.  A  limited  amount  of  supplemental  feeding  during 
fall  and  winter  decreased  death  losses  and  increased  calf  weights,  but  did 
not  increase  calf  numbers  appreciably.  Stocking  conservatively  on  the  basis 
of  the  burned  acreage  had  a  similar  influence.  Thus,  a  high-percentage  calf 
crop  from  wiregrass  range  apparently  depends  on  supplemental  sources  of 
nutrients  in  summer  as  well  as  winter. 

Methods  of  Improving  Cattle  Performance 

Providing  a  limited  amount  of  improved  pasture  along  with  native 
range  appears  to  be  a  practical  solution  to  the  problem  of  making  effective 
use  of  cheap  range  and  at  the  same  time  obtaining  good  cattle  production. 
First -year  results  with  this  procedure  produced  calves  approaching  the  weight 
of  those  from  pasture  herds,  and  up  to  175  pounds  heavier  than  the  average 
calves  obtained  in  previous  range  studies.  Wintering  cows  at  a  high  nutri- 
tional level  (but  with  only  range  in  summer)  increased  calf  weights  about 
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90  pounds  over  those  obtained  previously  from  herds  wintered  at  a  minimum 
level.   Other  practices  are  also  being  used  to  provide  at  least  3  levels 
of  nutrition  in  summer  and  2  in  winter  in  order  to  establish  the  minimum 
requirements  for  high  productivity  of  range  herds.   The  first  effects  on 
calving  percentage  will  be  obtained  next  year. 

Three  years '  results  from  south  Georgia  show  that  the  quality  of 
range  forage  can  be  profitably  improved  by  introducing  better  forage  species 
into  the  range.   Improvement  with  lespedeza  and  carpetgrass  has  been  most 
profitable,  yielding  an  average  of  86  pounds  of  beef  gain  per  acre.   Total 
improvement  costs  were  equivalent  to  k-6   pounds  of  beef  gain,  leaving  a  net 
return  of  40  pounds  of  beef  per  acre  annually  over  a  3 -year  period.   Com- 
parable net  returns  from  unimproved  range  avpraged  ik   pounds  of  gain  per 
acre  annually.   The  improvement  consisted  of  merely  broadcasting  seed  and 
fertilizer  on  freshly  burned  range,  and  light  refertilization  annually  (200 
pounds  per  acre).  More  expensive  practices  involving  brush  chopping  and 
disking,  as  well  as  forage  species  requiring  higher  rates  of  fertilization, 
gave  greater  returns  per  acre  but  lower  net  returns  per  dollar  invested  in 
improvements.   In  order  to  compare  treatments  and  measure  returns  accurately, 
it  was  necessary  to  confine  cattle  entirely  to  improved  range.   In  practice, 
greater  benefits  could  be  obtained  by  integrating  the  use  of  improved  range 
with  native  range.  The  improved  portions  could  well  provide  firebreak 
strips. 

Tests  in  south  Georgia  have  shown  that  revegetated  strips  offer  con- 
siderable fire  protection.  White  clover  is  particularly  useful  for  this 
purpose  because  it  produces  succulent,  non inflammable  foliage  during  the 
winter  and  early  spring  in  this  region.  Grazed  sods  of  white  clover  and 
carpet  or  Dallisgrass  have  provided  good  fire  protection  from  late  January 
to  early  November.  For  the  remaining  2  to  3  months,  when  the  grass  has 
been  frosted  and  clover  growth  is  limited,  the  additional  protection  of  a 
disked  fire  line  is  needed  to  stop  fire-creep  even  though  fuel  on  grazed 
sods  is  scarce  and  fire  control  is  relatively  easy.  Since  needle  cast 
destroys  the  effectiveness  of  disked  strips  and  grazed  sods  for  fire  pro- 
tection, firebreak  strips  should  have  no  tree  cover. 

Needle  cast  also  kills  out  the  improved  forage  stands  where  tree 
stocking  approaches  50  square  feet  of  basal  area  per  acre.  Best  grazing 
results  have  been  obtained  where  tree  basal  area  was  less  than  15  square 
feet.  Also,  forage  yields  have  been  highest  on  moist  lowland  sites.  All 
in  all,  research  is  showing  good  possibilities  for  increased  grazing  re- 
turns from  understocked  forest  land  through  range  improvement,  and  at  the 
same  time  obtaining  additional  fire  protection. 

Effects  of  Burning  and  Grazing  Longleaf -Slash  Pine  Sites 

How  burning  and  grazing  affect  site  factors  such  as  vegetative  sjid 
soil  conditions  has  an  important  bearing  on  the  question  of  integrating 
grazing  and  timber  production.  Vegetation  responses  in  south  Georgia  dur- 
ing 7  years  of  grazing  at  full  range  capacity  are  summarized  in  Georgia 
Coastal  Plain  Experiment  Station  Bulletin  51  released  in  1953.  Soil  changes 
measured  after  9  years  have  been  analyzed  but  not  yet  published. 

Aside  from  the  direct  effect  on  small  pine  trees,  no  detrimental  in- 
fluences on  understory  vegetation  were  detected — from  a  forest  viewpoint. 
Burning  favored  grasses  and  herbs  by  removing  litter  and  checking  brush 
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growth  (in  comparison  with  no  "burning) .  With  both  burning  and  grazing, 
the  taller  bunch  grasses  decreased,  while  low-growing  grasses  and  herbs, 
and  also  gallberry,  increased.  Without  burning,  the  grass  cover  decreased, 
and  brush  increased  whether  grazed  or  not.  The  combination  of  late  winter 
burning  followed  by  season-long  grazing  reduced  herbaceous  fuel  70  percent 
when  measured  in  the  fall. 

Burning  had  no  significant  effect  on  these  sandy  soils  so  far  as 
could  be  determined  from  the  characteristics  studied.  Soil  organic  matter, 
pH,  phosphate,  and  potash  content,  volume  weight,  infiltration  and  percola- 
tion rates,  and  water -holding  capacity  were  essentially  the  same  after  8 
years  of  burning  as  after  a  similar  period  of  fire  protection  (following 
previous  periodic  burning). 

Grazing,  likewise,  had  no  detectable  effect  on  the  chemical  constitu- 
ents of  the  soil.  However,  grazing  did  influence  physical  characteristics 
significantly.  Volume  weight  of  the  top  3  inches  of  soil  was  increased  5 
percent,  and  infiltration  and  percolation  rates  were  decreased  about  60  per- 
cent. Water-holding  capacity  was  decreased  k   percent.  These  measurements 
reflect  slight  compaction  of  the  surface  soil  from  trampling.  However,  in- 
filtration and  percolation  were  moderately  rapid,  even  under  the  grazed 
condition.  Therefore,  effects  of  grazing  in  relation  to  water  intake  or 
runoff  would  seem  to  be  of  minor  importance  on  these  sandy  and  level  soils. 
Influences  on  soil  aeration  were  not  measured. 


FOREST  DISEASE  RESEARCH 
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Littleleaf  Disease  of  Pine 


Much  experimental  evidence  indicates  that  the  littleleaf  disease  of 
shortleaf  pine  results  mainly  from  nitrogen  deficiency  of  the  trees  follow- 
ing the  destruction  of  fine  roots  by  Phytophthora  cinnamomi  in  heavy  soils. 
Plots  containing  littleleaf  trees,  that  have  been  treated  with  either  3  or 
k   applications  of  nitrogenous  fertilizers  over  a  period  of  10  to  12  years 
continue  to  hold  their  own  or  improve,  while  those  that  have  received  other 
amendments,  but  very  little  or  no  nitrogen,  have  continued  to  decline. 

Emphasis  during  1953  has  been  put  on  the  selection  and  propagation 
of  shortleaf  pines  apparently  resistant  to  littleleaf.  Some  crossing  and 
inbreeding  was  done  among  eight  such  trees,  yielding  a  small  quantity  of 
seed.  Scions  from  these  pollinated  trees  were  also  grafted  on  2-year 
stocks  and  later  set  out  to  provide  futiore  breeding  material  ajid  a  seed 
orchard.   In  three  States,  three  2-acre  areas  from  which  littleleaf  trees 
had  been  removed  were  planted  with  12  geographic  lines  of  shortleaf  pine 
to  compare  their  littleleaf  resistance. 


l/  Report  of  the  Division  of  Forest  Disease  Investigations,  Bureau 
of  Plant  Industry,  Soils,  and  Agricultural  Engineering,  in  cooperation  with 
the  Southeastern  Forest  Experiment  Station. 
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Comprehensive  analyses  on  soil-nutrient  relations,  oxidation- 
reduction  potential,  and  other  soil  factors  not  previously  studied  in 
relation  to  littleleaf  have  been  under  way,  A  5-year  shortleaf  study 
involving  artifically  induced  drought  has  provided  strong  evidence  that 
some  littleleaf-like  symptoms  can  result  from  low  soil  moisture,  but  the 
symptom  picture  as  a  whole  is  different  from  littleleaf. 

Oak  Wilt 

Aerial  and  ground  surveys  in  1953  brought  the  total  counties  where 
oak  wilt  has  been  found  in  the  Southeast  (table  9)  to  the  following:  Vir- 
ginia 5,  compared  with  1  in  1952;  Kentucky  k,    compared  with  3;  Tennessee 
8  versus  6;  and  no  change  in  the  other  States.  Good  progress  toward  the 
removal  of  diseased  trees  has  been  accomplsihed  in  all  of  the  southeastern 
States  where  oak  wilt  occurs,  except  in  Tennessee,  Local  spread  had  taken 
place  since  1952  in  the  case  of  6  out  of  l6  areas  observed. 


Table  9. — Known  distribution  of  oak  wilt  in  southern  Appalachiaji 

area  up  to  September  1953 


State 


Counties 
with  wilt 


Infection  centers  found 


1951 


1952 


:  1953 


Number 

Number 

Number 

Number 

Kentucky 

■k 

1 

1 

k 

North  Carolina 

3 

10 

6 

1 

Tennessee 

8 

13 

6 

30 

Virginia 

5 

1 

0 

11 

Spraying  felled,  unbar ked,  oak -wilt  trees  with  a  BHC-DDT-Penta  mix- 
ture greatly  reduced  but  did  not  eliminate  fungus -mat -inhabiting  insects 
on  diseased  trees.  Five  of  the  29  wilting  trees  studied  in  1953  developed 
fruiting  mats  of  the  fungus  in  the  fall.   The  mats  totaled  5-l/2  square 
feet  of  fruiting  surface,  from  which  6ll  insects,  mostly  Nitidulid  beetles, 
were  collected.   These  beetles  have  been  proven  by  others  to  be  capable  of 
inoculating  healthy  trees  through  wounds.  Current  studies  in  which  Niti- 
dulids  were  released  100  and  500  feet  from  down  trees  with  oak  wilt  mats 
have  shown  some  of  these  beetles  to  be  attracted  to  the  mats  over  both  dis- 
tances. 

Studies  during  1953  also  showed  that  infection  can  originate  in  the 
upper  branches  of  large  trees. 
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Nursery  Diseases 

Visits  were  made  to  k   Georgia  niirserles  at  S-'week  Intervals  during 
the  growing  season  and  also  occasionally  to  other  southeastern  nurseries. 
Root  rot,  possibly  of  nematode  origin,  was  common  and  studies  were  begun 
to  obtain  a  satisfactory  treatment.  Nutritional  problems  were  of  major 
Importance.  Nitrogen  deficiencies  were  corrected  by  spraying  with  urea 
at  50  pounds  per  acre.  Iron  deficiencies  were  corrected  by  iron  chelate 
sprays  at  20  pounds  per  acre.  Phomopsis  blight  of  Arizona  cypress  and 
redcedar  was  severe  and  studies  were  begun  on  sprays  and  seed  treatments. 
Defects  in  watering  procedures  at  some  nurseries  were  turned  up  and  measures 
were  taken  to  correct  them. 

Mimosa  Wilt 

Two  chemicals,  Vanclde  51  and.  Dlthane  D-lk,   gave  2-month-old  mimosa 
seedlings  some  protection  against  the  wilt  disease  in  1952  greenhouse  tests. 
Additional  greenhouse  tests  in  1953  indicated  that  these  chemicals  and  a 
mixture  of  Puratized  Agricultural  Spray  and  ferbam  are  worth  further  study, 
as  they  reduced  the  incidence  of  wilt  among  seedlings.  Vanclde  and  Dltheuie 
were  also  applied  in  the  field  to  soil  aroimd  sapling  mimosas  that  were 
later  inoculated  artifically — with  Inconclusive  results. 

Loblolly  Pine  Spot  Die-Qut 

A  survey  was  conducted  in  South  Carolina  to  determine  the  nature  and 
extent  of  many  failures  in  10-  to  15-year-old  loblolly  plantations  on  federal, 
state,  and  private  lands.  Reports  as  early  as  19^8  suggested  heavy  mortality 
in  certain  plantings  following  an  initial  period  of  satisfactory  establish- 
ment and  growth.  The  dying  of  patches  from  l/lO  to  25  acres  in  extent  was 
found  to  be  common  on  certain  sites  and  soil  conditions  in  many  plantations 
established  in  central  South  Carolina.  Most  of  this  decline  and  mortality 
has  taken  place  in  the  last  3  years.  Preliminary  field  observations  indi- 
cate that  mortality  is  greatest  on  flats  or  slight  slopes  and  on  soils  with 
poorly  drained  subsoils  possessing  little  or  no  topsoil.  These  observations 
also  suggest  that  limited  returns  can  be  expected  from  a  considerable  acre- 
age of  loblolly  plantations  made  in  the  past  I5  years.   Increasing  numbers  of 
such  rapid  loblolly  failures  are  being  reported  and  studied, 

Virginia  Pine  Rust 

This  newly  described  rust  (Peridermlum  appalachianum) ,  discovered  in 
19^8  (fig,  15),  is  now  known  in  I5  counties  in  Virginia,  Kentucky,  North 
Carolina,  and  Tennessee,  While  observers  report  it  to  be  increasing,  and  it 
is  a  killing  disease.  It  is  not  yet  an  economic  factor.  Life  history  studies 
in  1953  involved  making  aeciospore  inoculations  on  Virginia,  shortleaf ,  and 
loblolly  pine  to  determine  whether  the  rust  is  autoecious,  and  something 
about  its  host  relations.  Later  in  the  season  a  Cronartlum  was  foiond  on  the 
leaves  of  the  uncommon  shrub  Buckleya  distichophylla,  and  inoculation  attempts 
were  made  on  the  above  3  pine  species,  using  germinating  teliospores  of  the 
Buckleya  rust.  Two  years  will  be  required  to  evaluate  these  results. 
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Figure  I5. — Perldermium  appalachlanim. 
a  recently  discovered  stem  rust  on 
Virginia  pine.  In  appearance  and  man- 
ner of  attack  it  resembles  blister  rust 
on  white  pine.  At  left,  an  infected 
branch,  showing  aecial  blisters.   At 
right,  close-up  of  blister  stage,  with 
scale  in  millimeters. 


^M^^M 


Fomes  Annosus  Root  Rot  on  Slash  Pine 

Although  Fomes  annosus  is  known  to  cause  serious  root  and  butt  rots 
in  many  coniferous  species  in  the  United  States  and  abroad,  no  cases  of 
important  damage  to  the  southern  pines  were  reported  until  1953.  Recently 
two  pole-sized  slash  pine  plantations — one  in  Georgia  and  one  in  South 
Carolina — have  been  found  to  have  severe  root  rot  leading  to  breaking  over, 
and  to  some  killing  of  trees.   These  examples  of  F,  annosus  aggressiveness 
in  pole-sized  slash  pine  plantations  must  be  watched  with  care,  especially 
since  thinning  tends  to  increase  annosus  damage.   This  development,  plus 
the  loblolly  spot  die-out  situation,  shows  that  plantations  caiinot  be  fully 
evaluated  until  they  reach  minimum  merchantable  size. 
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other  Pathology  Problems 

A  large  Chinese  chestnut  plantation  was  established  at  Bent  Creek, 
comparing  five  of  the  best  available  strains,  in  randomi zed-block  design, 
on  two  sites. 

In  a  service  project  to  the  Navy,  300  wooden  boats  of  1^4-  different 
types  were  examined  for  rot.  Some  came  from  active  and  inactive  ships, 
and  some  were  stored  ashore.  A  report  was  submitted,  giving  suggestions 
for  considerably  reducing  decay  in  such  boats.  Supervision  of  dip  and 
brush  preservative  treatments  was  also  provided  several  yards,  and  special 
studies  were  conducted  on  mine  sweepers  and  on  methods  of  dehumidification. 

The  pine  leaf  blight  caused  by  Hypoderma  lethale  was  effectively 
controlled  by  spraying  with  ferbam  weekly  from  May  29  until  August  1^, 
Fewer  sprays  may  also  provide  control. 

In  1953,  299  disease  inquiries  were  handled  at  Asheville,  not  count- 
ing the  oak  wilt  survey.  This  compares  with  1^4-3  in  1950,  and  99  in  19^7. 
Handling  inquiries  has  become  a  major  function. 

Plans 

Plans  for  195^  include  the  following:   selection  and  breeding  for 
littleleaf  resistance,  and  completion  of  the  work  on  soil,  soil  oxygen, 
and  littleleaf  incidence;  the  fruiting  habits  of  the  oak  wilt  fungus  and 
their  relation  to  control;  further  surveys  for  oak  wilt  and  supervision  of 
control  work;  a  broad  attack  on  the  major  tree  nursery  diseases  in  Georgia 
and  Florida;  further  inquiry  into  spot  die-out  of  loblolly  and  Fomes  annosus 
attack  of  slash  pine;  further  testing  of  the  possible  hosts  of  the  new  Vir- 
ginia pine  rust;  follow-up  on  sugar  maple  sapstreak;  maintenance  of  a  large 
number  of  plots  in  connection  with  littleleaf,  blight-resistant  chestnuts, 
mimosa  wilt,  and  oak  decay;  and  continued  service  to  the  Navy  on  decay  in 
wooden  boats, 

FOREST  INSECT  RESEARCH^/ 


Forest  insect  activity  in  the  Southeast  has  increased  considerably 
during  the  past  few  years.  Previous  to  1950,  foresters  in  this  area  re- 
ported few  serious  forest  insect  losses  for  a  decade  or  more.  Commencing 
in  1950,  attacks  by  such  insects  as  the  black  turpentine  beetle,  southern 
pine  beetle,  and  Ips  engraver  beetles  have  increased  and  killed  millions 
of  feet  of  timber;  defoliation  by  such  insects  as  cankerworms,  forest  tent 
caterpillar,  variable  oaJc  leaf  caterpillar  sjid  pine  sawflies  stripped 
foliage  from  h\indreds  of  thousands  of  acres  of  forests,  causing  growth  loss 
and  greater  susceptibility  to  attack  by  secondary  insects.  Sucking  insects 
such  as  Pineus  pinifoliae,  scales,  and  aphids  became  prevalent  and  caused 
serious  injury.  This  increased  activity  by  Insects  occurred  during  a  period 


2/  Report  of  the  Division  of  Forest  Insect  Investigations,  Bureau  of 
Entomology  and  Plant  Quarantine,  in  cooperation  with  the  Southeastern  Forest 
Experiment  Station, 

-  48  - 


of  Intensification  of  regional  forestry  practices  and  when  forest  insect 
survey  activities  were  being  initiated  under  provisions  of  the  Forest 
Pest  Act. 

The  need  for  protecting  forests  from  insects  is  shown  by  the  grow- 
ing list  of  private,  state,  and  federal  agencies  which  have  requested  as- 
sistance on  methods  of  preventing  or  reducing  losses  caused  by  insect 
attack  on  trees,  logs,  pulpwood  and  wood  products.  At  the  present  time 
at  least  two  private  companies  in  the  region  have  streamlined  their  woods 
practices  so  that  they  can  salvage  single,  insect-attacked  trees.  There 
is  no  doubt  that  increased  utilization  of  insect-killed  material  will 
continue. 

Southern  Pine  Beetle 

Reports  that  the  southern  pine  beetle,  Dendroctonus  frontalis,  was 
killing  trees  on  the  Chattahoochee  National  Forest  in  December  1952  were 
investigated.  Surveys  by  aerial  and  ground  methods  indicated  that  60 
acres  containing  about  300  M  feet  had  been  killed  by  the  southern  pine 
beetle  in  kO   scattered  locations.   Investigations  in  1953  indicated  that 
the  infestation  was  subsiding. 

In  August  1953  an  increase  in  activity  of  the  beetle  was  noted 
throughout  western  North  Carolina  and  eastern  Tennessee.   This  fact  was 
called  to  the  attention  of  forest  owners  in  the  area.  Aerial  and  ground 
surveys  demonstrated  that  kills  were  doubling  with  each  generation  of 
beetles.  Ground  surveys  in  the  Tennessee  portion  of  the  Great  Smoky  Moun- 
tains National  Park  indicated  that  750  trees  were  infested  in  Cades  Cove. 
An  additional  900  trees  were  estimated  infested  in  the  Park  in  North  Caro- 
lina, on  the  Cherokee  Indian  Reservation,  and  on  the  Blue  Ridge  Parkway. 
In  most  locations  the  infestations  occurred  on  very  rocky,  steep  slopes, 
thereby  lessening  the  possibilities  of  salvage. 

Infestations  of  this  beetle  were  also  located  on  the  French  Broad 
and  Catawba  districts  of  the  North  Carolina  National  Forest,  Aerial  and 
ground  surveys  indicated  that  1,500  pines  were  infested  on  the  French  Broad 
District  early  in  September  and  that  6,000  were  infested  in  the  Catawba 
area,  A  recommendation  was  riade  on  September  11  that  these  infestations 
be  controlled  as  soon  as  possible. 

Ground  and  aerial  surveys  in  December  indicated  that  individual 
beetle  kills  in  the  mountain  region  varied  fi'om  a  few  trees  up  to  25  acres. 
At  the  end  of  the  year  it  was  estimated  that  a  total  of  over  1,000  acres 
had  been  killed  in  patches  which  were  over  1/2  acre  in  size.   There  was  an 
aggregate  of  several  hundred  additional  acres  in  kills  of  less  than  1/2 
acre. 

Black  Turpentine  Beetle 

During  the  years  1950-52  the  black  turpentine  beetle,  Dendroctonus 
terebrans ,  and  Ips  engraver  beetles  increased  to  epidemic  proportions  in 
northeast  Florida  and  killed  an  estimated  25,000  M  feet  of  pine.  Aerial 
and  ground  surveys  in  the  fall  of  1952  and  spring  of  1953  in  cooperation 
with  the  state  of  Florida  indicated  that  stumps  and  trees  infested  last  fall 

-  U9  - 


showed  less  beetle  emergence  this  spring  because  of  competition  by  wood 
borers,  termites,  molds  and  fungi.  Our  surveys  indicated  that  beetle  popu- 
lations were  rapidly  returning  to  endemic  conditions  and  that  special  con- 
trol measures  beyond  salvage  were  not  justified. 

This  beetle  has  continued  to  be  a  serious  problem  on  the  Osceola 
National  Forest  since  1950,  when  it  became  active  and  began  killing  naval 
stores  timber  located  in  ponds,  which  were  exceptionally  dry  at  that  time. 
Salvage  of  infested  timber  did  not  control  the  beetle,  and  appeared  to 
aggravate  the  infestation.  Salvage  sales  in  1950  totalled  827  M  feet. 
During  1951>  salvage  sales  amounted  to  1,^63  M  feet.  Efforts  to  control 
the  beetle  through  use  of  penetrating  toxic  oil  sprays  containing  0.5  per- 
cent gamma  benzene  hexachloride  commenced  in  December  1951«  Losses  to 
April  1952  exceeded  25  percent  of  the  timber  being  turpentined  and  six 
crops  (10,000  faces  each)  were  lost.  Salvage  sales  continued  in  1952,  dur- 
ing which  period  7*392  M  feet  of  pine  was  marked  and  sold.  Up  to  January 
31,  1953*  65,000  stumps  and  6,500  seed  trees  had  been  sprayed.  During  1953 
about  10,000  M  feet  of  pine  is  expected  to  be  sold.  Control  measures  are 
continuing  on  the  Osceola  National  Forest.  These  measures  at  present  con- 
sist of  spraying  seed  trees  with  0,5  percent  gamma  benzene  hexachloride  in 
fuel  oil.  Stumps  are  being  peeled  and  the  root  collar  sprayed  with  the  0,5 
percent  gamma  BHC  plus  one -third  pound  of  ethylene  dibromide  per  gallon  of 
fuel  oil. 

Ips  Engraver  Beetles 

Drought  conditions  continued  to  prevail  in  the  Southeast  throughout 
most  of  1953.  Such  conditions  appear  to  favor  the  build-up  of  serious  bark 
beetle  populations.   Ips  bark  beetles  generally  attack  scattered  trees 
throughout  the  stand,  and  damage  does  not  appear  to  be  serious.  The  damage 
is,  therefore,  not  reported  and  no  record  is  made  of  it.  In  the  aggregate, 
however,  the  losses  caused  by  Ips  bark  beetles  are  extremely  serious  as  in- 
terpreted from  information  collected  by  the  Division  of  Forest  Economics, 
Southeastern  Forest  Experiment  Station.   Of  over  212,000  M  feet  which  were 
estimated  to  have  been  killed  annually  by  insects  in  the  Southeast  (including 
Tennessee  and  Kentucky)  during  the  past  3  years,  about  90  percent  or  over 
190,000  M  feet  with  a  stumpage  value  of  over  $4,750,000  was  estimated  to  have 
been  killed  by  Ips  beetles. 

Hickory  Bark  Beetle 

Hickories  throughout  central  North  Carolina  from  Shelby  to  High  Point 
were  attacked  and  killed  by  the  hickory  bark  beetle,  Scolytus  q^uadr ispinosus . 
Killing  of  trees  was  especially  common  during  the  fall  months  when  trees  were 
observed  dying  in  considerable  numbers  in  farmers '  woodlots  and  aroimd  home- 
sites.  Drought  conditions,  generally  characteristic  at  the  time  when  attacks 
by  this  beetle  occur,  were  prevalent  throughout  the  area  of  beetle  activity. 

Fall  Cankerworm 

An  aerial  survey  of  2,000,000  acres  of  hardwood  forests  in  the  Southern 
Appalachian  Mountains  was  made  in  May  1953.  This  survey  located  63  areas  of 
defoliation  by  the  fall  cankerworm,  Alsophila  pometaria.   The  comparative 
areas  of  defoliation  since  the  infestation  begaji  2  years  ago  indicate  that 
defoliation  increased  from  15,000  acres  in  1952  to  over  120,000  acres  in  1953. 
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Of  the  latter  amount,  29,^95  acres  were  heavily  defoliated.   The  area 
heavily  defoliated  in  1953  vas  eight  times  greater  than  the  previous  year. 
This  increase  closely  corresponded  with  an  increase  in  the  number  of  egg 
masses  deposited. 

The  principal  natural  controls  observed  in  1953  were  a  late  frost  on 
April  26,  which  killed  21  percent  of  the  potential  larval  population;  a  de- 
crease in  viability  of  the  eggs  from  80  percent  in  1952  to  51  percent  in 
1953;  and  action  of  predatory  Calasoma  beetles  and  pentatomid  bugs  feeding 
on  the  larvae.  Natural  factors  were  not  effective  in  controlling  the  1953 
infestation. 

Two  years  of  defoliation  has  not  killed  the  trees.  However,  defolia- 
tion has  weakened  them  and  resulted  in  treeb  being  only  partially  refoliated 
with  undersized  leaves.   Control  operations  have  been  recommended  for  the 
aerial  spraying  of  500  acres  of  Mount  Pisgah  with  DDT. 

Sawflies 

A  sawfly,  Neodiprion  dyari,  was  reported  as  causing  defoliation  in 
Marion  County,  Florida,  early  in  February.  Another  Neodiprion  defoliated 
scattered  pond  pine  in  March  on  23,000  acres  in  Berkeley  County,  South  Caro- 
lina. Defoliation  of  50  acres  of  pond  pine  in  the  South  Carolina  area  was 
first  noted  about  19^6.   Since  then  this  sawfly  has  reportedly  spread  over 
thousands  of  acres.  Defoliation  by  the  sawfly  has  apparently  not  been  re- 
sponsible for  tree  mortality,  although  the  annual  loss  of  needles  has  un- 
doubtedly caused  considerable  growth  loss.  Limited  observations  to  date 
indicate  that  dipterous  and  hymenopterous  parasites  are  exerting  a  con- 
siderable degree  of  control.  Another  species,  Neodiprion  americanimi,  de- 
foliated small  areas  of  loblolly  pine  during  the  month  of  June  from  Virginia 
to  Georgia.  Early  in  October  scattered  defoliation  by  the  red  headed  pine 
sawfly,  Neodiprion  lecontei,  occurred  on  several  hundred  acres  near  Lake 
City  and  in  Hillsboro  County,  Florida,  Complete  stripping  of  small  groups 
of  trees  was  noted  throughout  northeastern  Florida  on  this  latter  date. 

Variable  Oak  Leaf  Caterpillar 

The  variable  oaJc  leaf  caterpillar,  Heterocampa  manteo,  was  reported 
to  have  defoliated  hundreds  of  thousands  of  acres  of  oak  and  hickory  in 
central  and  western  Tennessee.  This  species  also  caused  stripping  of  oak 
on  thousands  of  acres  in  western  Kentucky  around  Kentucky  Lake. 

Nantucket  Pine  Moth 

The  Nantucket  pine  moth,  Rhyacionia  frustrana,  and  another  species, 
R.  rigidana,  continued,  as  in  previous  years,  to  be  serious  pests  of  young 
pine  throughout  the  Southeast  from  Virginia  to  Florida.  Studies  on  the  ef- 
fect of  tip  moth  attack  on  height  growth  and  on  control  measures  were  ini- 
tiated in  1953  at  Union,  South  Carolina.   In  many  areas,  especially  of  lob- 
lolly pine,  nearly  every  leader  was  attacked  during  the  fall  months. 
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Pales  Weevil 

The  Pales  weevil,  Hylobius  pales,  and  a  closely  related  species, 
Pachylobius  picivorous,  are  pests  of  considerable  importance  to  pine  re- 
production  in  the  Southeast,  although  they  are  not  generally  recognized 
as  such.  The  adults  of  these  weevils  alone  or  in  conjunction  with  those 
of  cerajnbycid  and  buprestid  larvae  are  able  to  kill  pine  reproduction  by 
feeding  on  the  bark  of  seedlings  and  girdling  them.  The  greatest  amount 
of  injury  occurred  on  and  adjacent  to  areas  which  had  been  logged,  beetle- 
killed,  burned,  or  windthrown.  Beetles  are  attracted  to  this  type  of 
material  previous  to  oviposition  and  following  emergence  of  adults  from 
pine  stumps  where  they  breed.  Plantings  of  pine  within  one  year  of  log- 
ging are  likely  to  suffer  considerable  mortality  from  attack  by  these 
pests.  Killing  of  especially  valuable  planting  stock  at  Union,  South 
Carolina,  by  these  beetles  was  prevented  by  the  application  of  DDT  spray 
to  the  seedlings. 

White  Grubs 

White  grubs,  Phyllophaga  spp,,  have  been  considered  to  be  serious 
pests  in  forest  tree  nurseries  in  this  area  for  some  time  but  seldom  have 
they  been  reported  as  serious  pests  of  either  natural  or  planted  stock, 
A  report  of  serious  injury  to  planted  stock  on  extensive  areas  at  the 
Savannah  River  Project  in  South  Carolina  was  investigated  in  October, 
White  grubs  were  found  to  have  caused  serious  injury  to  the  roots  of  lob- 
lolly, slash,  and  longleaf  pine  seedlings  planted  early  in  1953*  Sampling 
of  the  injury  over  the  10,000  acres  indicated  that  white  grubs  in  combina- 
tion with  dry  weather  had  caused  mortality  varying  from  5  to  100  percent. 
There  is  little  doutt  that  a  mortality  of  several  million  seedlings  occurred. 
Planting  of  this  year's  stock  commenced  on  November  l6.  Plans  were  formu- 
lated to  dip  the  roots  of  10  million  seedlings  in  an  organic  Insecticide 
prior  to  planting  and  to  conduct  a  screening  test  of  several  additional  in- 
secticides to  determine  their  value  in  providing  protection  of  the  planting 
stock  from  grub  injury. 
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AUDRICH,  R.  C. 

Aerial  photographs  and  the  forest  survey.   The  Cypress  Knee. 
Univ.  Ga.,  School  Forestry  29:  h6,    59,  60. 

Use  and  limitations  of  aerial  photographs  on  extensive  forest 
surveys. 

ALDRICH,  R.  C. 

Accuracy  of  land-use  classification  and  area  estimates  using 
aerial  photographs.  Jour.  Forestry  5l(l):  12-15.  Jan, 

An  analysis  of  how  accurately  land  use  can  be  classified  on 
aerial  photographs  and  what  intensity  of  ground  checking  is 
needed  to  achieve  the  accuracy  required, 

BARBER,  J.  C. 

Tree  planting  at  the  Bent  Creek  Experimental  Forest.  Southeast, 
Forest  Expt.  Sta.  Station  Paper  27.   Upp.   Aug. 

A  report  on  the  survival  and  growth  of  experimental  plantings, 
including  the  arboretum  established  in  1926. 

BENWETT,  F.  A. 

Topwood  volume  tables  for  slash  and  longleaf  pine.  Southeast. 
Forest  Expt.  Sta.  Research  Note  No.  42.  July. 

Tables  of  cordwood  volume  in  tops  of  sawlog  trees  are  given  for 
turpentined  and  round  longleaf  and  slash  pines  in  the  upper 
Coastal  Plain  of  Georgia. 

BENNETT,  F.  A. 

Site  indexes  of  the  soil  series  on  the  George  Walton  Experimental 
Forest.  Southeast.  Forest  Expt.  Sta.  Research  Note  No.  3^1.  May. 
Also,  with  title  Drain  sites  best  for  slash  pine,  in  Naval  Stores 
Rev.  63(19):  22.   Aug.  22. 

Exploratory  study  of  site  index  aind  soil  series  in  south  Georgia 

shows  that  poorly  drained  soils  are  better  sites  for  slash  pine. 

On  identical  soils,  slash  pine  shows  a  higher  site  index  than 
longleaf  pine. 

BOYCE,  J.  S.,  Jr. 

Needle  blights  of  pines  in  the  Southeast.   Arborist's  News  18(10): 

89-91.   Oct. 

Describes  the  symptoms  and  control  of  several  common  needle 
diseases  of  yellow  pines  in  the  Southeast. 


BOYCE,  J.  S.,  Jr.,  and  GARREN,  K.  H. 

Compatibility  types  of  the  oak  wilt  fungus  in  23  Appalachian 
trees.   Phytopath.  ^4-3(11):  6kk-6k'^.      Nov. 

Cultures  from  oak  wilt  trees  made  in  1952  showed  that  most  trees 
are  infected  with  only  1  of  the  2  compatibility  types  of  the 
fungus  and  thus  cannot  produce  the  sexual  stage  spores  unless 
mating  of  the  A-type  and  B-type  takes  place  between  trees.   The 
study  also  established  that  infection  can  take  place  in  the  upper 
tree  crown. 


BURKS,  G.  F.,  TODD,  A.  S.,  Jr.,  and  HAIR,  D. 

Trends  in  pulpwood  supplies  in  the  United  States, 
dustry  35(9):  982-987.  Dec. 


The  Paper  In- 


Softwood  timber  in  Alaska  and  the  Rocky  Mountains,  as  well  as 
hardwoods,  cull  trees,  and  sawmill  residues  in  all  regions,  can 
provide  raw  material  for  continued  expansion  of  the  pulp  and 
paper  industry. 


CAMPBELL,  R.  A. 

Logging  methods  and  costs  in  the  Southern  Appalachians. 
Forest  Expt.  Sta.  Station  Paper  No.  30.   29pp.  Oct. 


Southeast, 


A  report  on  a  comprehensive  study  of  the  variables  affecting  logging 
costs  in  typical  mountain  topography  and  a  summary  of  costs  for 
typical  operations. 

CAMPBELL,  R.  S.,  and  SHEPHERD,  W.  0. 

Forest  grazing  in  the  Southeastern  United  States.  Sixth  Inter- 
national Grassland  Congress  Proc.  pp.  1550-1555.  1952,  pub.  3.953 • 

General  situation  review;  major  forest  range  types  and  species, 
grazing  capacity  and  forage  values,  season  of  use,  problems  and 
opportunities, 

CAMPBELL,  W.  A.,  and  COPELAND,  0,  L, ,  Jr. 

Littleleaf  disease.  Amer.  Forests  59(6):  23,  51.  June, 

A  brief  general  account  of  the  symptoms,  cause,  distribution,  and 
soil  relations  of  littleleaf. 


CAMPBELL,  W,  A,,  COPELAND,  0.  L.,  Jr.,  and  HEPTING,  G.  H. 

Littleleaf  in  pines  in  the  Southeast.   In  Plant  Diseases,  Yearbook 
of  Agriculture  1953,  PP.  855-857.   U.  S.  Dept.  Agr.,  Washington,  D.  C, 

A  brief  general  account  of  the  symptoms,  cause,  distribution,  and 
soil  relations  of  littleleaf,  with  suggestions  for  reducing  losses. 


CAMPBELL,  W,  A,,  COPELAND,  0.  L. ,  Jr.,  and  HEPTING,  G.  H. 

Managing  shortleaf  pine  in  littleleaf  disease  areas. 
Forest  Expt,  Sta,  Station  Paper  No.  25.   June, 


Southeast, 


A  res\jme  of  that  part  of  the  results  of  I5  years  of  research  on 
littleleaf  that  deals  with  field  behavior,  site,  and  soil  factors, 
salvage,  stand  management,  and  other  aspects  of  practical  forest 
management  in  littleleaf  areas. 


CLEMENTS,  R.  W. 

The  bark  hack.  Naval  Stores  Rev.  62(42):  12-13,  27-28.  Jan.  17. 
Also,  with  title  Training  the  chipper  to  use  the  bark  hack,  in 
AT -FA  Jour.  15(5):  12-13,  15.   Feb. 

Gum  producers  converting  to  bark  chipping  should  train  woods  labor 
in  the  proper  use  of  a  bark  hack.   Training  methods  are  discussed. 

CLEMENTS,  R.  W. 

Correct  use  of  the  spray  gun.  Naval  Stores  Rev.  62(51):  16-I7. 
March  21.  Also,  with  title  Correct  use  of  the  acid  spray  gun, 
AT -FA  Jour.  15(8):  8-9,  11.  May. 

Good  acid  treatment  requires  correct  amount  of  acid  and  correct 
placement  on  the  streak.  Discussion  tells  proper  methods  for 
obtaining  both. 

CLEMENTS,  R.  W. 

How  to  install  spiral  gutters  with  double  headed  nails.  AT -FA 
Jour.  16(2):  k.     Nov.  Also,  with  title  How  to  install  spiral 
gutters,  in  Naval  Stores  Rev.  63(21):  Ik,    I5.   Oct.  I7. 

Spiral  gutters  attached  with  double-headed  nails  increase  the 
yield  of  gum,  are  easily  installed  and  removed,  and  do  not  damage 
the  tree.   Instructions  for  installation  include  photographs, 

COOPER,  R.  W. 

Prescribed  burning  to  regenerate  sand  pine.   Southeast,  Forest  Expt. 
Sta.  Research  Note  No.  22,  Jan,  Also  in  South.  Lumberman  l86(233l): 
50,  May  15, 

Early  response  to  prescribed  burning  indicates  that  more  information 
is  needed  on  the  time  of  year  to  burn,  on  the  interval  between 
cutting  and  burning,  and  on  the  number  of  seed  trees. 


COOPER,  R,  W, 

Keeping  sand  pine  woodlands  in  production. 
154-155-  Dec.  15. 


South.  Lumberman  187(23^5) 


To  keep  sand  pine  stands  in  production,  clearcutting  in  the  fall  or 
early  winter  is  recommended,  and  should  be  followed  by  tractor  skid- 
ding to  prepare  a  suitable  seedbed. 


COOPER,  R.  W.,  and  SCHOPMEYER,  C.  S. 
Viability  of  sand  pine  seed. 
Note  No.  23.   Jan. 


Southeast.  Forest  Expt.  Sta.  Research 


Viability  of  sand  pine  seed  retained  in  cones  decreases  with  age  of  cone, 

CRUIKSHANK,  J,  W. 

Forest  survey  and  timber  resources  review.   Conserv.  Congress  Proc, 
N.  C.  Board  of  Conserv.  and  Devlpmt.  1:  IO3-IO6.   1952,  pub.  1953. 


Description  of  national  forest  survey,  methods  used  in  North  Carolina 
and  data  obtained.  Also  brief  description  of  the  several  phases  of 
The  Timber  Resource  Review  of  the  Forest  Service. 


CRUIKSHAm,  J.  W. 

Labor  requirements  in  forestry  and  forest  industry.  In  Research 
in  the  Economics  of  Forestry,  pp.  121-127.  Charles  Lathrop  Pack 
Forestry  Foimdation,  Washington,  D.  C. 

Procedure  to  be  used  in  determining  the  labor  required  for  specific 
forest  management  and  timber  harvesting  operations. 


DEMMON,  E.  L. 

Georgia's  forest  survey  shows  new  trends. 
188-190.  May. 


The  Paper  Industry  35(2) 


Changes  in  the  supply  and  quality  of  the  timber  resource  are  re- 
vealed. Recommendations  are  made  for  needed  changes  in  timber 
utilization,  forest  practice,  and  forest  research  program. 

DEMMON,  E.  L. 

Forest  research  and  its  relation  to  the  wood-using  industries  in 
the  Southeast.  Jour.  Forest  Prod.  Res.  Soc.  3(2):  10-12,  85.  June. 

Highlights  of  research  at  the  Southeastern  Forest  Experiment 
Station  and  its  eight  centers,  with  particular  emphasis  on  utili- 
zation. Finding  new  uses  and  markets  for  low-grade  hardwoods, 
developing  and  growing  better  trees,  expanding  research  in  anti- 
cipation of  demands  by  wood  chemical  industry. 

DEMMON,  E.  L. 

Trends  in  southern  hardwood  forestry.  South.  Lumberman  187(23^5)* 
17^^-177.  Dec.  15. 

Interest  in  hardwood  management,  uses,  markets,  and  research  is 
rising  throughout  the  region. 

DILS,  R.  E. 

Influence  of  forest  cutting  and  mountain  farming  on  some  vegetation, 
surface  soil  and  surface  runoff  characteristics.  Southeast.  Forest 
Expt.  Sta.  Station  Paper  No.  2k,      55PP«  June. 

Reports  a  watershed  experiment  where  the  original  hardwood  forest 
was  cleared  and  the  land  used  as  a  mountain  farm. 


li 


DOOLITTLE,  W.  T. 

Growth  and  survival  of  hybrid  poplars. 
178-179.  Dec.  15. 


South.  Lumberman  l87(23ii5): 


Experimental  plantings  of  12  hybrid  poplar  clones  set  out  in  1935 
show  that  juvenile  growth  of  certain  clones  compares  favorably  with 
rapid-growing  native  species. 


DORMAN,  K.  W. 

A  taxonomic  study  of  slash  pine. 
Proc.  5O:  116-117. 


(Abs.)  Assoc.  South.  Agr.  Workers 


Slash  pine,  one  of  the  most  valuable  southern  pines,  is  a  distinct 
species  from  Caribbean  pine,  with  which  it  has  usually  been  united. 
The  related  pine  of  southern  Florida  is  now  recognized  as  a  botani- 
cal variety. 


DORMM,  K.  W.,  BAUER,  E.,  and  GREENE,  J.  T. 

Tree  improvement  makes  a  step  ahead.   South.  Lumberman  lQ'j{23k'^): 
170-171.  Dec.  15. 

A  description  of  the  history  and  progress  of  the  tree  improvement 
program  at  the  Ida  Cason  Callaway  Foundation,  Hamilton,  Ga. 

ENGLERTH,  G.  H. 

A  key  to  the  genera  of  the  gilled  fungi.  U.  S.  Dept.  Agr.,  Bur. 
Plant  Indus.,  Soils,  and  Agr.  Engin.,  Div.  Forest  Path,  leaflet. 

Contains  a  descriptive  key  in  chart  form  for  the  identification  of 
the  more  common  genera  of  mushrooms. 

GREENE,  G.  E. 

Soil  temperatures  in  the  South  Carolina  Piedmont.   Southeast.  Forest 
Expt.  Sta.  Station  Paper  No.  29.   l6pp.   Sept. 

Measurements  are  discussed  for  the  upper  6  feet  of  soil  under  four 
cover  conditions:   ^0  and  11-year-old  pine,  broomsedge,  and  bare  soil. 

GRUSCHOW,  G.  F. 

Better  woods  +  $10  a  year.   The  Progressive  Farmer  68(l):  81.  Jan. 

An  average  flatwoods  farm  woodland  under  management  yields  a  gross 
financial  return  in  5  years  of  $62.00  per  acre  for  products  at  the 
roadside. 

HALLS,  L.  K. 

Improved  cattle  forage  under  southern  pines.  South,  Lumberman 
187(231^5):  218,  220.   Dec.  15. 

Productivity  of  introduced  forage  species  in  relation  to  density  of  the 
pine  overstory.  Discussion  of  promising  forage  species  for  range  im- 
provement and  fire  hazard  reduction. 

HAINES,  W.  H.  B. 

86  percent  of  tops  and  5^  percent  of  slabs  and  edgings  unused  in 
central  Piedmont  of  South  Carolina.  Southeast.  Forest  Expt.  Sta. 
Research  Note  No.  35.  May. 

The  quantity  and  use  of  logging  and  sawmill  waste. 

HAINES,  W.  H.  B. 

62  percent  of  pine  lumber  is  cut  from  10-inch  or  smaller  logs  in 
the  central  Piedmont  of  South  Carolina.   Southeast.  Forest  Expt, 
Sta.  Research  Note  No,  36.  May.  Also,  with  title  Sixty-two  percent 
of  lumber  cut  from  10-inch  or  smaller  logs  in  S,  C,  in  The  Unit 
k9:    11.   Sept. 

Lumber  output  by  log  and  tree  size. 

HAWLEY,  N,  R. 

25-year-old  stand  shows  unusual  yield.  Forest  Farmer  12(7):  10-11.  April. 

A  slash  pine  plantation  in  south  Georgia  returns  $7-71  per  acre  per  year 
during  the  first  25  years  of  its  life. 


HAWLEY,  N.  R. 

Rapid  growth  of  planted  slash  pine  in  the  middle  Coastal  Plain  of 
Georgia.  Southeast.  Forest  Expt,  Sta.  Research  Note  No,  32.  May, 
Also,  with  title  Growth  of  planted  slash  pine  in  Georgia,  in  South. 
Lumberman  187(2334):  60.  July  1.  Also,  with  title  Rapid  growth 
of  planted  slash  pine,  in  The  Unit  ^9^  8.  Sept. 

Over  the  I8  years  since  planting,  the  Stephens  plantation  near 
Cordele,  Ga.,  has  averaged  1,7^  cords  per  acre  per  year.  Sawtimber 
production  over  the  same  period  is  370  board  feet  per  year. 


HAWLEY,  N.  R. 

Merchantable  height  greater  after  improvement  cut  in  pilot-plant 
management  test.  Southeast,  Forest  Expt.  Sta.  Research  Note 
No.  33.  May. 


li 


The  first  improvement  cut  in  yoimg  longleaf -slash  pine  sawtimber 
increased  average  merchantable  heights  by  2-l/2  feet,  and  volume 
of  average  trees  by  10  percent. 


HEFTING,  G.  H. 

Diseases  of  forest  trees  in  Virginia, 
Sept, -Oct. 


Va.  Forests  8(5):  8-10. 


Major  forest  tree  diseases  in  Virginia. 

HEFTING,  G,  H, 

Forest  tree  diseases  in  North  Carolina,   Conserv.  Congress  Proc, 
N.  C.  Board  of  Conserv.  and  Devlpmt,  1:89-92.  Nov.  1952,  pub.  1953. 

A  digest  of  the  major  forest  diseases  in  North  Carolina,  the  losses 
they  cause,  present  status,  and  progress  being  made  toward  their 
solution.  The  diseases  featured  are  chestnut  blight,  oak  wilt,  little- 
leaf,  fusiform  rust,  brown  spot,  and  the  cull  problem. 


HOOVER,  M.  D. 

Interception  of  rainfall  in  a  young  loblolly  pine  plantation. 
Forest  Expt.  Sta.  Station  Paper  21.   13pp.   Jan. 


Southeast, 


In  a  two-year  study  12  and  16  percent  of  the  annual  rainfall  was  inter- 
cepted by  the  tree  canopies  and  did  not  reach  the  ground.   Of  the 
amount  reaching  the  ground  one -fifth  was  measured  as  water  flowing 
down  the  tree  trunks. 


HOOVER,  M.  D.,  OLSON,  D.  F.,  Jr.,  and  GREENE,  G.  E. 

Soil  moisture  under  a  young  loblolly  pine  plantation, 
Proc.  17(2):  li^7-150,   April, 


Soil  Sci.  Soc, 


In  a  2-year  study  using  fibreglas  electrodes  it  was  found  that  pine 
roots  depleted  soil  moisture  to  a  depth  of  at  least  5-l/2  feet,  brin^ 
ing  it  to  wilting  point  in  August  1951.   In  March  1952  when  at  field 
capacity  the  same  soil  depth  had  stored  nearly  10  inches  of  rain  as 
soil  moisture. 


, 


HURSH,  C.  R. 

Forest  management  in  East  Africa  in  relation  to  local  climate,  water 
and  soil  resources.  East  African  Agr.  and  Forestry  Res.  Organ.  Ann, 
Rpt.  1952,  pp  26-35. 

Good  forestry  is  the  key  to  improving  and  conserving  the  local  climate, 
water,  and  soil  resources  of  East  Africa, 

HURSH,  C.  R.,  and  PEREIRA,  H.  C. 

Field  moisture  balance  in  the  Shimba  Hills,  Kenya.  East  African  Agr. 
Jour.  l8(i^):  I-7.  April. 

For  the  equatorial  coastal  conditions  studied,  a  high  tropical  forest 
was  considered  to  be  more  favorable  to  ground -water  storage  than  the 
adjacent,  annually -burned  grass  vegetation. 

JENKINS,  A.,  MILLER,  J.  H. ,  and  HEFTING,  G.  H. 

Spot  anthracnose  and  other  leaf  and  petal  spots  of  flowering  dogwood. 
The  Natl.  Hort.  Mag.  32:  57-69.  April. 

Describes  several  common  dogwood  blights  ajid  means  of  control.  Well 
illustrated.   The  first  such  treatment  given  to  dogwood  diseases. 

KEETCH,  J.  J.,  and  GLADSTONE,  M.  C. 

1952  forest  fires  and  fire  danger  in  Maine,  Southeast,  Forest  Expt. 
Sta.  70pp.  July, 

Tables  and  graphs  analyzing  forest  fires  and  fire  danger, 

KEETCH,  J.  J.,  and  GLADSTONE,  M.  C. 

1952  forest  fires  and  fire  danger  in  New  York.  Southeast.  Forest 
Expt.  Sta.  32pp.  July. 

Tables  and  graphs  analyzing  forest  fires  and  fire  danger. 

KEETCH,  J.  J.,  and  GLADSTONE,  M.  C. 

1952  forest  fires  and  fire  danger  in  Vermont.  Southeast.  Forest 
Expt.  Sta.   20pp.   July. 

Tables  and  graphs  analyzing  forest  fires  and  fire  danger. 

KEETCH,  J.  J.,  and  GLADSTONE,  M.  C. 

1952  forest  fires  and  fire  danger  in  Pennsylvania,  Southeast. 
Forest  Expt.  Sta.   78pp.  Aug. 

Tables  and  graphs  analyzing  forest  fires  and  fire  danger. 

KEETCH,  J.  J.,  and  GLADSTONE,  M.  C. 

1952  forest  fires  and  fire  danger  in  New  Hampshire.   Southeast. 
Forest  Expt.  Sta.   29pp.   Aug. 

Tables  and  graphs  analyzing  forest  fires  and  fire  danger. 

KEETCH,  J.  J.,  and  GLADSTONE,  M.  C. 

1952  forest  fires  and  fire  danger  in  Connecticut.  Southeast. 
Forest  Expt.  Sta.   22pp.   Sept. 

Tables  and  graphs  analyzing  forest  fires  and  fire  danger. 


KEETCH,  J.  J.,  and  GLADSTONE,  M.  C. 

1952  forest  fires  and  fire  danger  in  New  Jersey,  Southeast,  Forest 
Expt.  Sta,   29pp.  Sept, 

Tables  and  graphs  analyzing  forest  fires  and  fire  danger, 

KEETCH,  J,  J.,  and  GLADSTONE,  M.  C, 

1952  forest  fires  and  fire  danger  in  Maryland,  Southeast,  Forest 
Expt,  Sta,   3^PP»  Oct, 

Tables  and  graphs  analyzing  forest  fires  and  fire  danger. 

KEETCH,  J.  J.,  and  GLADSTONE,  M,  C, 

1952  forest  fires  and  fire  danger  in  Kentucky,  Southeast,  Forest 
Expt.  Sta,   i<-2pp.   Nov, 

Tables  and  graphs  analyzing  forest  fires  and  fire  danger, 

KEETCH,  J.  J,,  and  GLADSTONE,  M,  C. 

1952  forest  fires  and  fire  danger  in  Massachusetts,  Southeast, 
Forest  Expt,  Sta.   36pp.  Dec, 

Tables  and  graphs  analyzing  forest  fires  and  fire  danger. 

KEETCH,  J.  J.,  and  GLADSTONE,  M.  C. 

1952  forest  fires  and  fire  danger  in  Virginia,  Southeast,  Forest 
Expt,  Sta,   6lpp,  Dec, 

Tables  and  graphs  analyzing  forest  fires  and  fire  danger. 

KEETCH,  J,  J.,  and  GLADSTONE,  M.  C, 

1952  forest  fires  and  fire  danger  in  West  Virginia,  Southeast. 
Forest  Expt.  Sta,   ^9pp.  Dec, 

Tables  and  graphs  analyzing  forest  fires  and  fire  danger. 

LARSON,  P,  R,,  and  CLEMENTS,  R.  W,  More  gum  without  broadaxe  incisions. 

Naval  Stores  Rev,  63(20):  12,  I3,  Sept.  I9,  Also  in  AT-FA  Jour. 
16(1):  8,  9.  Oct, 

Gum  yields  of  longleaf  pine  have  been  increased  by  as  much  as  60 
barrels  per  crop  merely  by  nailing-on  gutters  and  aprons  instead  of 
inserting  tins  in  broadaxe  incisions, 

LARSON,  P.  R. 

Early  season  streaks  unprofitable.  Naval  Stores  Rev,  63(19):  20,  21. 
Aug,  22,  Also  in  AT-FA  Jour.  l6(l):  I5,  Oct, 

Yield  of  individual  streaks  weighed  for  nine  different  studies  on 
slash  pine  over  a  5-year  period  show  that  low  profit  in  marginal 
timber  may  be  caused  by  low  yields  of  the  early  and  late  season 
streaks. 


I 


i^ 


LARSON,  P.  R. 

Turpentine  trees  remain  healthy  after  nine  years  of  acid  work.  South. 
Lumberman  187(2345):  2l4,  2l6.  Dec.  I5.  Also  In  Naval  Stores  Rev. 
63(23):  12,  13.  Dec.  Also  in  AT -FA  Jour.  16(3):  k,    5.  Dec. 

Gum  yields  of  both  untreated,  wood-chipped  and  acid-treated,  bark 
chipped  slash  pine  showed  no  appreciable  decline  during  9  years  of  work. 

LINDENMUTH,  A.  W. ,  Jr. 

How  dry  were  southern  Appalachian  forests  in  the  fall  of  1952. 
Southeast.  Forest  Expt.  Sta.  Research  Note  No.  2k.     Jan. 

An  analysis  of  rainfall,  cumulative  danger  index,  lower  litter  mois- 
ture, and  burning  index  records  indicated  extremely  severe  burning 
conditions  during  the  period  October  17  -  November  8. 

LINDENMUTH,  A.  W.,  Jr.,  and  KEETCH,  J.  J. 

Fire  prevention  efforts  pay  off  in  the  Northeast.  Fire  Control  Notes 
li^(l):  li|-l6.  Jan. 

The  frequency  of  forest  fires  in  I3  Northeastern  States  dropped  about 
one-half  during  the  period  19^3-1950.  The  method  of  analysis  takes 
out  the  effect  of  weather  so  the  reduction  can  be  attributed  largely 
to  more  effective  prevention  efforts. 

LINDENMUTH,  A.  W.,  Jr.,  and  KEETCH,  J.  J. 

1951  forest  fires  and  fire  danger  in  New  York.  Southeast,  Forest 
Expt,  Sta.   3^PP.   Feb. 

Tables  and  graphs  analyzing  forest  fire  and  fire  danger, 

LINDENMUTH,  A.  W.,  Jr.,  and  KEETCH,  J,  J. 

1952  forest  fires  and  fire  danger  in  Rhode  Island.  Southeast.  Forest 
Expt,  Sta.   17pp.  June. 

Tables  and  graphs  analyzing  forest  fire  and  fire  danger, 

LINDENMUTH,  A.  W.,  Jr.,  and  KEETCH,  J.  J. 

Fire  frequency  as  a  measure  of  fire  prevention  accomplishments. 
Southeast.  Forest  Expt,  Sta.  Research  Note  No.  37.  July. 

1951  fire  occurrence  in  I3  Northeastern  States  was  lower  than  might 
reasonably  have  been  expected  when  the  severity  of  the  weather  is 
taken  into  consideration. 

LOTTI,  T. 

Good  seed  trees  pay  off.  South.  Lumberman  187(2336):  43-M4-.  Aug.  1, 

Leaving  k  to  12  seed  trees  per  acre  on  a  200-acre  logging  chance  in 
coastal  loblolly  pine  resulted  in  85  to  90  percent  milacre  stocking 
3  years  after  logging. 


MCCLAY,  T.  A.  ^  ..^^    ^ 

Estimating  "board  widths  obtainable  from  pine  trees  of  different 
diameters.  Southeast.  Forest  Expt.  Sta.  Research  Note  No.  25.  Jan. 

Offers  a  means  by  which  percentage  of  1-inch  boards  of  k-   to  12-inch 
widths  in  trees  ranging  from  10  to  2k   inches  d.b.h.  may  be  estimated 
from  a  timber  cruise.  Quoted  percentages  are  substantiated  by  ten 
actual  operations. 

MCCLAY  T  A 

'      Estimating  time  requirements  for  tree  poisoning  with  Ammate.  Southeast, 
Forest  Expt.  Sta.  Research  Note  No.  2?.  Jan.  Also  in  Jour.  Forestry 
51(12):  909.  Dec. 

The  time  required  to  poison  inferior  dominant  hardwoods  is  shown  to 
be  correlated  with  the  number  of  stems  to  be  treated  and  the  sum  of 
their  diameters. 

MfPTiAY   T  A 

'     Relation  of  tree  size  to  production  rates  when  cutting  pine  pulp- 
wood  with  a  chain  saw.  Southeast.  Forest  Expt.  Sta.  Research  Note 
No.  28.  Jan. 

The  effect  of  tree  size  upon  felling  and  bucking  time  for  pine  pulp- 
wood  is  shown  by  comparing  the  time  cost  for  a  10-inch,  7-bolt  tree 
with  all  other  sizes.  Man-hour  costs  are  also  given  by  tree  dia- 
meter classes. 

MCCLAY  T,  A. 

'   The  relation  of  growth  to  severity  and  season  of  pruning  open-grown 

loblolly  pine.  Jour.  Forestry  3l{^):   287-288.  April. 

Pruning  to  one-half  and  two-thirds  total  height  in  summer  and  winter 
showed  that  diameter  growth  is  significantly  reduced  by  increasing 
severity  of  pruning,  but  is  not  affected  by  season  of  treatment. 
Height  growth  was  not  affected  by  either  severity  or  season. 

MCCLAY,  T.  A. 

Growth,  mortality,  and  regeneration  after  cutting  in  loblolly  pme 
pulpwood  stands.  Southeast.  Forest  Expt.  Sta.  Station  Paper  No. 
28.   15pp.  Sept. 

Heavy  thinning  from  below  in  25-  to  30-year-old  loblolly  pine  pro- 
duced greater  returns  in  the  decade  after  cutting  than  moderate 
thinning  from  below,  seed-tree,  shelterwood,  or  diameter -limit 
cutting. 


MCCORMACK,  J.  F.  _   . 

Forest  statistics  for  central  Georgia,  1952.  Southeast.  Forest  Expt. 
Sta.  Forest  Survey  Release  No.  ivO.  i+^pp.  July. 

Forest  area,  timber  volume,  growth  and  drain  statistics  and  trends  in 
timber  volume. 


MCCORMACK,  J.  F. 

D.b.h.  In  relation  to  stump  diameter  at  various  heights  for  southern 
yellow  pines  and  hardwoods.  Southeast.  Forest  Expt.  Sta.  Research 
Note  No.  43.   July. 

A  table  showing  tree  diameter  outside  bark  at  h.'=>   feet  above  ground 
in  relation  to  stump  diameter  at  various  heights. 

MCCORMACK,  J.  F. 

Forest  statistics  for  the  southern  Coastal  Plain  of  North  Carolina, 
1952.  Southeast.  Forest  Expt.  Sta.  Forest  Survey  Release  No.  kl, 
45pp.   Sept. 

Forest  area,  timber  voliime,  growth,  and  drain  statistics  and  trends 
in  timber  volimie. 

MCCULLEY,  R.  D. 

Controlling  seed  production  and  seed  utilization  in  loblolly  pine. 
(Abs.)  Assoc.  South.  Agr.  Workers  Proc.  5O:  II7-II8. 

Suggested  management  practice  to  insure  natural  reproduction  includes 
short  cutting  cycles,  proper  timing  of  the  cut  to  coincide  with  good 
seed  years,  stimulation  of  seed  production  by  preharvest  release, 
and  seedbed  preparation. 

MCCULLEY,  R.  D. 

The  case  for  even-aged  management  of  southern  pine.  Jour.  Forestry 
51(2):  88-90.  Feb. 

A  defense  of  even-aged  management,  presented  at  the  symposium  on 
all-aged  vs.  even-aged  management  of  southern  pines  during  the  1951 
SAF  Meeting  at  Biloxi,  Mississippi. 

MCCULLEY,  R.  D. 

Estimating  growing  space  liberated  by  the  removal  of  residual  hard- 
woods.  Southeast.  Forest  Expt.  Sta.  Research  Note  No.  31.  May. 
Also  in  Naval  Stores  Rev.  63(12):  20.  June  20. 

An  estimate  of  the  area  shaded  by  residual  hardwoods  can  be  obtained 
by  multiplying  the  basal  areas  in  hardwoods  by  l.k, 

MCCULLEY,  R.  D. 

Gunning  for  loblolly  pine  cones.  Southeast,  Forest  Expt.  Sta., 
Research  Note  No.  kO.     July. 

A  .22  rifle,  equipped  with  telescopic  sight,  proves  effective  tool 
for  collecting  pine  cones  on  trees  which  cannot  be  cut  or  climbed. 

MCCULLEY,  R.  D. 

Natural  regeneration  of  loblolly  pine  in  the  southeastern  Coastal 
Plain.   Southeast.  Forest  Expt.  Sta.  Station  Paper  No.  26.   l^pp.   Aug. 

A  review  of  recent  research  in  natural  regeneration  of  loblolly  pine, 
and  recommendations  for  applied  management. 


MCCULLEY,  R.  D. 

The  seed-tree  system:  a  summary  of  recent  research  in  loblolly  pine. 
The  South.  Lumber  Jour.  57(8):  20,  22,  90-91.  Aug. 

A  summary  of  recent  research  on  seeding  characteristics,  cone-crop 
forecasts,  seed-crop  stimulation,  seedbed  preparation,  and  their 
coordination  for  the  practical  management  of  loblolly  pine. 

MERGEN,  F. 

Leaf  pigments  in  five  conifers  in  relation  to  apparent  light  tolerance. 
(Abs.)  Assoc.  South.  Agr.  Workers  Proc.  50:  I7I. 

This  paper  reports  results  of  a  study  which  was  carried  out  to  find 
a  possible  relationship  between  the  amount  of  chlorophyll  and  other 
pigments  in  the  needles  and  the  apparent  light  tolerance  of  some 
conifers. 

MERGEN,  F. 

Gum  yield  in  longleaf  pine  inherited.  Naval  Stores  Rev.  62{h'j): 
I8-I9.  Feb,  21.  Also,  with  title  Gijm  yields  in  longleaf  pine  are 
inherited.  Southeast.  Forest  Expt,  Sta.  Research  Note  No.  29.  Jan. 
Also  in  AT -FA  Jour.  15(5):  1^,  1?.  Feb. 


I 


First  evidence  that  gum-yielding  capacity  is  inherited  is  obtained        ? 
from  17 -year -old  progeny  test. 

MERGEN,  F. 

The  story  of  some  unique  trees.  South.  Lumberman  186(2329):   72, 
7^.  April  15. 

For  the  first  time  in  history,  mature  cones  were  collected  from 
rooted  slash  pine  cuttings.   In  addition  to  being  a  historical  "first," 
it  represents  one  step  closer  to  the  goal  of  developing  high-yielding 
pines  for  naval  stores. 

MERGEN,  F. 

Selection  and  breeding  of  slash  and  longleaf  pine  at  Lake  City,  Florida, 
(in  English.)  Zeitschrift  fur  Forstgenetik  und  Forstpflanzenzuchtung 
2(6):  126-129.  Frankfurt,  Germany.  Also,  with  title  Selection  and 
breeding  of  longleaf  pine,  in  Naval  Stores  Rev.  63(7):  12-lU,  23-26. 
May  16. 

Research  in  species  improvement  of  longleaf  and  slash  pine  at  the  Lake 
City  Research  Center  includes  tree  selection,  vegetative  propagation, 
and  controlled  breeding.   Preliminary  results  are  discussed. 

MERGEN,  F. 

First  mature  cones  collected  from  rooted  slash  pine  cuttings.  AT-FA 
Jour.  15(10):  8-9.   July. 

Beginning  with  the  rooting  of  cuttings  in  19i4-3-i4-l+,  this  is  the  first 
recorded  production  of  mature  cones  from  rooted  slash  pine. 


MERGEN,  F. 

Air-layering  as  a  possible  method  to  reproduce  selected  slash  pine. 
Naval  Stores  Rev.  63(21):  19,  20.  Oct.  17. 

Long  known  to  horticulturists  as  a  method  of  reproducing  cultivated 
plants,  air-layering  has  been  used  successfully  for  the  first  time 
on  slash  pine. 

MERGEN,  F.,  and  POMEROY,  K.  B. 

Some  practical  suggestions  for  better  slash  pine  seed.   The  South. 
Lumber  Jour.  57(ll):   88-89.  Nov. 

Organizations  with  extensive  reforestation  programs  might  improve 
seed  quality  in  slash  pine  by  improving  selected  natural  stands  of 
vigorous,  even-aged,  cone-bearing  trees.  Method  of  improvement  and 
hints  for  seed  collection  are  discussed. 

NELSON,  T.  C. 

Honeysuckle  is  a  serious  problem.  Forest  Farmer  12(ll):  lk-l6.     Aug, 
Also  in  Southeast.  Forest  Expt,  Sta.  Research  Note  No.  kl.      July. 

Best  hope  for  reducing  honeysuckle  invasion,  common  throughout  the 
Piedmont,  is  the  use  of  weed-killers.  Degree  of  shade  and  time  of 
year  are  probably  more  important  than  chemical  concentration  or 
dosage. 

OSTRANDER,  M.  D.,  and  ENGLERTH,  G.  H. 

Hardwood  log  grading  scale  stick  improved.  Northeast.  Forest  Expt. 
Sta.  Research  Note  No.  2U.  Sept, 

Illustrates  a  hardwood  log  grading  stick  based  on  the  Forest  Service 
Standard  Hardwood  Log  Grades.  Describes  how  to  use  it. 

OSTROM,  C.  E. 

More  and  better  trees:  the  activities  of  the  Committee  on  Southern 
Forest  Tree  Improvement.  South.  Lumberman  186(2326):  35-36.  March  1. 
Also,  with  title  Accomplishments  of  the  Committee  on  Southern  Forest 
Tree  Improvement,  in  Naval  Stores  Rev.  62(51):  l4-15,  26-28.  March  21. 
Also,  with  title  Recent  developments  in  the  southern  forest  tree  im- 
provement program.   (Abs.)  Assoc.  South.  Agr.  Workers  Proc.  5O:  115-ll6< 

Discussion  of  the  function,  accomplishments,  and  plans  of  the  Committee 
on  Southern  Forest  Tree  Improvement. 

POMEROY,  K.  B. 

Cooperative  research — key  to  the  future.  Forest  Farmer  12(5):  19^ 
38.  Feb. 

Selected  examples  of  collective  effort  among  federal,  state,  and 
industrial  agencies  demonstrates  that  cooperative  research  in  Florida 
pays  high  dividends. 


POMEROY,  K.  B. 

Tree  improvement — its  potentialities.  Forest  Farmer  12(ll)  8-9,  H. 
Aug.  Also  in  The  Unit  i^8:  25-27.  July.  Also  in  Paper  Trade  Jour. 
137(6):  18-19.  Aug.  7. 

Preliminary  results  show  that  the  value  of  forest  trees  can  be  in- 
creased by  genetic  control  of  inherited  characteristics.  Best  returns 
in  forest  tree  improvement  will  probably  be  achieved  by  combined 
efforts  of  silviculturists  working  with  environmental  factors  and 
geneticists  working  with  inherited  factors. 


POMEROY,  K.  B. 

Forest  research  progress. 
1953:  77-80.  Aug.  31. 


Naval  Stores  Rev.  Internatl.  Yearbook, 


Summary  of  the  research  program  in  naval  stores,  forest  management, 
genetics,  and  protection  at  the  Lake  City  Research  Center. 


POMEROY,  K.  B. 

Research  in  tree  improvement  at  Lsike  City. 
150a.  Nov. 


TAPPI  36(11):  li^7a- 


Forest  managers  who  remove  undesirable  trees,  leave  only  the  best 
trees  for  regeneration,  and  plant  seedlings  from  the  best  available 
local  parentage  can  reap  the  benefits  of  eugenic  forestry  while 
waiting  for  the  deferred  benefits  of  controlled  breeding. 


POMEROY,  K.  B. 

Better  trees  for  tomorrow.  Naval  Stores  Rev.  63(20) 
Sept.  19.  Also  in  AT -FA  Jour.  l6(2):  I8.  Nov. 


19,  21-22. 


Propagation  and  controlled  breeding,  proven  tools  of  the  horti- 
culturist and  agronomist,  are  now  being  used  in  developing  superior 
strains  of  longleaf  and  slash  pine. 


ROTH,  E.  R. 

Sprout  oak  decay. 


Amer.  Forests  59(l):  35,  ^3.  Jan. 


An  account  of  the  manner  in  which  stump-sprout  oaks  become  butt- 
rotted  early  from  the  parent  stimips  and  from  the  cut  stubs  of 
companion  sprouts.  Sprouts  arising  at  or  near  the  ground  line  on 
parent  stumps  seldom  contract  stump  rot,  while  sprouts  arising 
more  than  an  inch  or  two  above  ground  line  usually  become  decayed. 

SCHOPMEYER,  C.  S. 

A  review  of  some  physiological  aspects  of  oleoresin  flow  from  slash 
and  longleaf  pine.   (Abs.)  Assoc.  South.  Agr.  Workers  Proc.  50:  172. 

Two  theories  are  advanced  to  explain  the  mechanism  of  oleoresin 
transfer  from  epithelial  cells  into  resin  ducts. 


SCHOPMEYER,  C.  S. 

The  characteristics  of  a  high-gura-yielding  tree.  Naval  Stores  Rev, 
63(12):  12-13.   June  30.   Also  in  AT -FA  Jour.  15(lO):  k,      July. 
Also  in  Southeast.  Forest  Expt.  Sta.  Research  Note  No.  39-   July. 

The  factors  controlling  gum  flow  in  slash  pine  appear  to  be  size 
of  resin  ducts  exposed  by  chipping,  number  of  ducts  per  square  inch 
of  fresh  face,  viscosity  of  gum,  and  exudation  pressure.   If  these 
factors  are  inheritable,  trees  rating  high  on  all  four  can  be 
developed  by  controlled  breeding. 

SCHOPMEYER,  C.  S. 

Removable  gutters:  key  to  better  conservation  of  naval  stores  timber. 
South.  Lumberman  187(2314-5):  112-115.  Dec.  I5. 

By  using  special  gutters  attached  with  double-headed  nails,  jump- 
butting  may  be  eliminated,  with  an  estimated  increase  in  stumpage 
value  of  over  $^00  per  crop. 

SHEPHERD,  W.  0. 

Effects  of  burning  and  grazing  flatwoods  forest  ranges.  Southeat. 
Forest  Expt.  Sta.  Research  Note  No.  30.  May.  Also,  with  title 
Effects  of  burning  and  grazing,  in  Naval  Stores  Rev.  63(12):  17, 
20.   June  20. 

Summary  of  7-year  study  of  burning  longleaf- slash  pine  forest 
range  at  intervals  of  1,  2,  and  3  years;  ecological  trends  with 
and  without  grazing,  chemical  composition  of  forage,  diet  and 
weight  gains  of  young  cattle,  fuel  accumulation,  tree  reproduction. 
General  effect  of  tree  cover  on  understory  vegetation.   (Based  on 
Ga.  Coastal  Plain  Expt,  Sta.  Bui.  5I  by  Halls,  et  al. ) 

SHEPHERD,  W.  0.,  and  DILLARD,  E.  U. 

Best  grazing  rates  for  beef  production  on  cane  range.  N.  C.  State 
Agr.  Expt.  Sta.  Bui.  38^+.   23pp.   Oct. 

Results  of  a  3-year  study  of  six  intensities  of  summer  grazing  on 
highly  productive  range  in  eastern  North  Carolina;  effects  on  cow 
and  calf  gains,  range  productivity,  fire  hazard.  Maximum  long- 
term  benefits  realized  at  55-60  percent  utilization  of  cane  foliage, 

SHEPHERD,  W.  0.,  SOUTHWELL,  B.  L.,  and  STEVENSON,  J.  W. 

Grazing  longleaf -slash  pine  forests.  U.  S.  Dept.  Agr.  Cir.  928, 
31pp ,  Nov . 

Results  of  a  5-year  study  of  breeding  herds  on  "wiregrass"  range 
in  southern  Georgia;  range  use  as  influenced  by  burning;  also  range 
plants  and  forage  quality,  number  and  size  of  calves,  factors  limit- 
ing herd  productivity,  influences  of  fall  and  winter  herd  management 
practices. 


SHIPMAN,  R.  D. 

Poisoning  small-diameter  hardwoods  with  the  Cornell  tool.  Southeast, 
Forest  Expt.  Sta,  Research  Note  No,  38*  July, 

Eighteen  months  after  treatment  with  Ammate  applied  with  a  Cornell 
tool,  only  one-quarter  of  the  small  hardwoods  studied  were  still 
living.  The  least  effective  kill  occurred  with  dogwood  and  hickory. 

SMITH,  W.  R. 

Utilization  of  wood  waste,  Conserv.  Congress  Proc,  N,  C.  Board  of 
Conserv.  and  Devlpmt.  1:  107-110.   1952,  pub,  1953. 

A  description  of  the  amount  of  wood  residue  available  in  North 
Carolina  and  some  of  its  possible  uses, 

SMITH,  W.  R.,  MILLER,  R.  H,  P,,  BROWN,  0.  A.,  and  WELDON,  N.  W. 

The  development  of  an  automatic  wood-burning  furnace  for  curing 
brightleaf  tobacco.  Southeast.  Forest  Expt.  Sta.  Station  Paper 
No.  23.   4lpp.  April. 

Describes  the  construction  and  operation  of  an  automatic  wood-burning 
furnace  as  developed  after  8  years  of  experimental  research.  Fully 
illustrated. 

SOUTHEASTERN  Forest  Experiment  Station 

Annual  report  for  1952.  Southeast.  Forest  Expt,  Sta.  Station 
Paper  No.  22.   i4-2pp. 

TODD,  A.  S.,  Jr. 

Forest  products  marketing  in  an  area.  In  Research  in  the  Economics 
of  Forestry,  pp.  336-3^3.   Charles  Lathrop  Pack  Forestry  Foundation, 
Washington,  D.  C. 

Procedure  to  be  used  in  making  a  study  of  the  distribution  of  forest 
products  in  an  area. 

TODD,  A.  S.,  Jr. 

Small  sawmills  as  buyers  of  southern  pine  timber.  Jour.  Forestry 
51(3):  169-172.  March. 

How  small  sawmill  operators  buy  timber  in  the  North  Carolina  Piedmont. 

TODD,  A.  S.,  Jr. 

Sawmill  and  logging  residues  in  the  South  Carolina  Piedmont:  problems 
and  methods  of  salvage.  Southeast.  Forest  Expt.  Sta.  Station  Paper 
No.  31.   32pp.  Nov. 

Detailed  information  on  the  residue  volumes  available,  their  location, 
concentration,  and  current  market  value. 

WAHLENBERG,  W.  G. 

Use  of  a  short-handled  planting  hoe  in  the  Appalachians.  Tree  Planters 
Notes  li^:  6-8.  April.  Also  in  Southeast.  Forest  Expt.  Sta.  Research 
Note  No.  26.  Jan. 

This  short -handled  hoe  used  in  Montana  and  Idaho  proves  to  be  an 
effective  tree-planting  tool  in  the  Southern  Appalachians. 


WAHLENBERG,  W.  G. 

Modifying  nursery  stock  to  fit  modern  planting  methods.   Tree  Planters 
Notes  1^:  4-5.  April. 

Nurserymen  are  encouraged  to  grow  and  grade  their  stock  to  suit  modern 
planting  tools  as  well  as  to  meet  site  requirements. 

WAHLENBERG,  W.  G. 

Three  methods  of  rehabilitation  for  depleted  Appalachian  hardwood 
stands.   Jour.  Forestry  5l(l2):  874-880.  Dec. 

A  20-year  comparison  of  no  cutting,  clear-cutting,  diameter -limit 
cutting,  and  quality  selection  show  t)tat  selection  is  a  suitable 
method  for  preparing  depleted  hardwood  stands  for  management. 

WAHLENBERG,  W.  G. 

A  37-year  test  of  thinning  Appalachian  white  pine.   South.  Lumbennan 
187(2345):  180-183.   Dec.  15. 

Management  in  the  form  of  six  intermediate  cuttings,  beginning  when 
the  plantation  was  20  years  old,  increased  the  total  yield  in  stump- 
age  by  $200.  Nearly  one-third  of  the  total  wood  yield  on  the  thinned 
plot  came  from  thinnings,  Sawtlmber  yields  are  50  percent  greater 
on  the  thinned  than  on  the  unthlnned  area. 

WENGER,  K.  F. 

The  sprouting  of  sweetgum  in  relation  to  season  of  cutting  and 
carbohydrate  content.  Plant  Physiology  28(l):  35-49.  Jan. 

Sprouting  vigor,  expressed  as  height  or  weight  of  1-year-old 
sprouts,  showed  pronounced  correlation  with  date  of  cutting. 
Number  of  sprouts  did  not  follow  a  seasonal  trend,  and  is 
closely  correlated  with  stump  diameter.   Size  and  number  of 
sprouts  is  apparently  not  dependent  on  carbohydrate  content. 

WENGER,  K.  F. 

How  to  estimate  the  m^^mber  of  cones  in  standing  loblolly  pine 
trees.   Southeast.  Forest  Expt.  Sta.  Research  Note  No.  44,   July. 

Instructions  for  making  a  binocular  estimate  of  cone  crops,  in- 
cluding conversion  of  the  binocular  count  to  total  number  of  cones. 

WENGER,  K.  F. 

Preharvest  release  of  loblolly  pine  seed  trees  will  Increase  seed 
supply  at  harvest.   Southeast.  Forest  Expt.  Sta.  Research  Note 
No.  45.   July. 

Choosing  seed  trees  and  releasing  them  3  to  5  years  before  the 
harvest  cut  will  Increase  the  seed  cast  at  harvest. 


WENGER,  K.  F. 

The  effect  of  fertilization  and  injury  on  the  cone  and  seed  pro- 
duction of  loblolly  pine  seed  trees.  Jour.  Forestry  51(8):  57O- 
573.  Aug. 

Application  of  fertilizer  at  the  rate  of  25  and  50  pounds  per  tree 
significantly  increased  cone  production  of  25-year-old  loblolly 
pines.  Forty-year -old  trees  did  not  respond  to  treatment.  Half- 
girdling  with  a  knife  produced  no  increase  in  cone  crop.  Treat- 
ments did  not  significantly  affect  percentage  of  defective  cones, 
number  of  seeds  per  cone,  or  percentage  of  defective  seed  per  cone. 

ADDENDA 

The  following  1952  items  did  not  appear  in  the  Station's 
1952  Bibliography: 

HALI£,  L.  K.,  SOUTHWELL,  B.  L.,  and  KNOX,  F.  E. 

Burning  and  grazing  in  coastal  plain  forests, 
Ga,  Coastal  Plain  Expt,  Sta.,  Univ.  Ga.  Bui. 
51.   33pp.  Nov.  1952. 

Results  of  a  7-year  study  of  vegetation  and  cattle 
responses  to  biorning  frequency  (l-,  2-,  and  3-year 
intervals  vs.  no  burning)  in  longleaf -slash  pine 
forests  of  Georgia;  ecological  trends  and  chemical 
composition  of  forage  species,  diet  and  veight 
gains  of  young  cattle,  fuel  accumulation,  and  tree 
reproduction.  Also,  general  relationship  between 
amount  of  tree  canopy  and  herbaceous  understory, 

HOOVER,  M.  D.,  and  LUNT,  H.  A. 

A  key  for  the  classification  of  forest  humus  types. 
Soil  Sci.  Soc.  Amer.  Proc.  l6(l4-):  368-37O.  Oct.  1952. 

Previous  keys  based  on  northern  forest  conditions 
have  heretofore  proven  unsatisfactory  elsewhere.  For 
the  first  time  the  authors  have  presented  a  key  to 
forest  humus  types  that  is  developed  for  the  entire 
country, 

SHEPHERD,  W.  0. 

Forest  ranging  beef.  N.  C.  Agr.  Expt.  Sta.  Research 
and  Farming  10(1+) :  n.   Spring  1952. 

Current  forest  grazing  research  in  the  cane  type  in 
North  Carolina;  cattle  management,  forage  management, 
grazing  capacity, 

TOOLE,  E.  R. 

Two  races  of  fusarium  oxysporum  f .  perniciosvun  causing 
wilt  of  albizzia  spp.  Phytopath,  U2(12):  691+.  1952. 

Describes  two  forms  of  mimosa  wilt  fungus,  one  attack- 
ing A.  julibrissin  and  one  attacking  A.  procera 
( Puerto  Rico). 
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